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MANNING NEW DEAN 
AT SO. DAKOTA STATE 


South Dakota State College President H. M. Briggs has an- 
nounced the appointment of M. L. Manning as dean of the State 
College engineering division. 

Manning's appointment, effective immediately, was approved in 
August by the South Dakota Board of Regents, but the announce- 
ment postponed at the request of his employer, McGraw-Edison 
Company of Canonsburg, Pa., until he had fulfilled prior commit- 
ments. 





DO YOU KNOW .... 


p .... That every engineering 
educator should do all he possibly can 
to promote an understanding of the 
need for teachers during the next ten 
years? The National Defense Educa- 
tion Act of 1958 indicates that empha- 
sis is on “education for all”; the pro- 
visions are, to a large extent, a matter 
of subsidizing students, for which 
there will be no shortage. At the last 
moment the scholarship provisions 
were deleted from the bill, and a 
large loan program established. How- 
ever, since some reports state that 
thout 50% of the loan funds now 
wailable to students are unused, there 
is a question as to the real need for 
idditional funds. If there is to be 
further legislation to aid engineering, 
should it not be for the recruitment 
ind development of teachers, or, to 
put it bluntly, increase the number of 
graduate students? Our problems, 
however, are not unique, for they are 
similar to those being faced in other 
countries. Perhaps we have so many 
headaches of our own that we do not 
wish to be concerned with those of 
other countries, but many of the prob- 
lems of the United Kingdom are sim- 
ilar to ours, particularly insofar as the 
supply of scientists and engineers be- 
ing adequate to meet the needs of a 
growing economy is concerned. To 
get a concept of the differences in the 
U.S. and Britain, consider the school 
enrollment. statistics for the United 
Kingdom for the academic year 56-57: 
l4 year olds enrolled in schools, 513,- 
000; 15 year olds, 175,000; 16 year 
ds, 196,000; and 17 year olds, 49,000 
lucation is compulsory only until 

The present plans of Britain’s 
government are to double the annual 
utput of scientists and engineers by 
the end of the 1960's, and to increase 
its total university population from 
000 to 124,000 by the mid 1960's 


( 


S 
) 


i 


and a further 10% by the end of the 
decade. 


> .... That the Army is develop- 
ing a program designed to assist in 
augmenting the number of qualified 
teachers? The program seeks to in- 
form, motivate, and assist army per- 
sonnel to prepare themselves for 
teaching careers and to provide assist- 
ance to them in making themselves 
available upon retirement. The Jan- 
uary 21, 1959 issue of Higher Educa- 
tion and National Affairs states that 
information concerning the program 
may be obtained from the Adjutant 
General, Department of the Army, 
Washington 25, D. C. 


> .... That an analysis of the 
academic rank of one hundred ASEE 
members indicates that twenty-four 
per cent of those under thirty-six years 
of age hold the rank of associate pro- 
fessor or higher? Thirty-two per cent 
have the rank of assistant professor 
and forty-three percent hold instruc- 
torships. In the sample of one hun- 
dred used there were one graduate 
assistant, two heads of departments, 
one head of engineering, one dean. 
and two full professors. One-half of 
the instructors, about one-fourth of 
the assistant professors and one head 
of a department, as well as the gradu- 
ate assistant, are under thirty-one 
years of age. The number of instruc- 
tors ages 24 to 35, inclusive, is 3, 6, 3, 
3, 5, 2, 3, 4, 6, 3, 3, 2, respectively. 


> .... That at the recent annual 
meeting of EJC a special dinner was 
attended by the presidents of fifteen 
engineering societies, three presidents 
elect, and three personal representa- 
tives? After much hassling, EJC ap- 
proved a budget of $73,005, increas- 
ing the assessments to the member so- 
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cieties by 14%. ASEE’s share is $1,140, 
which is about one percent of our to- 
tal budget and about 13 cents per 
member. Two other significant ac- 
tions were: 


1. Voting for the issuance of an in- 
vitation to the U. S. National Com- 
mittee for the International Associa- 
tion for the Exchange of Students for 
Technical Experiences (IAESTE) to 
become a part of EJC, functioning as 
part of the Committee on Interna- 
tional Relations. 

2. Voting for the submission of a 
resolution to member societies to 
eventually effect the amalgamation of 
EJC and ECPD. The resolution pro- 
posed that the name of the present 
EJC corporation be changed and that 
EJC, ECPD, and the Engineering 
Manpower Commission be operating 
divisions on an equal level, with no 
changes in names, functioning, or 
duties. A similar resolution is to be 
submitted by ECPD to its member- 
ship. When these resolutions are ap- 
proved by the member societies a 
basis will have been established for 
the appropriate review of by-laws to 
determine the operating policies. 


> .... That EJC’s Board of Di- 
rectors has re-elected E. R. Needles as 


President? Dr. A. B. Kinzel, Vice- 
President of Research, Union Carbide 
Corporation, was elected Vice-Presi- 
dent. The other officers of EJC are 
E. Paul Lange, Secretary; L. K. 
Wheelock, Assistant Secretary; and E. 
L. Chandler, Treasurer. Twenty en- 
gineering societies are now members 


of EJC. 


> .... That the new Executive 
Secretary of the EJC’s Engineering 
Manpower Commission is Mr. L. K. 
Wheelock? He succeeds W. T. Cava- 
naugh who resigned to become Execu- 
tive Director, Secretary and Treasurer 
of the National Office Management 


Association. Mr. Wheelock also cop. 
tinues in his position as Assistant Sec. 
retary of EJC. Mr. J. W. Feiss, Stag 
Geologist of the Kennecott Copper 
Corporation, is the new chairman o 
the EMC and S. B. Ingram, Directo; 
of Education and Training of the Bel! 
Telephone Laboratories, is the vice. 
chairman. 


& .... That the Engineering Man 
power Commission is proceeding wit! 
a study of engineering enrollment 
trends? This action results from th 
decrease in enrollments, as tabulated 
in the joint U. S. Office of Education- 
ASEE report in the February 15 Year. 
book issue of the JouRNAL and an ob- 
servable trend in some institutions that 
the permits to enter engineering ar 
20% below those for last year at 

similar date. The big question i 
whether this year’s decrease of 5.2 

in undergraduate engineering enroll 
ment is the beginning of a trend 

whether it is merely an “adjustment 
resulting from a number of valid rea- 
sons. The increase of 14.7% in grad:- 
uate engineering enrollment is heart: 
ening, but a trend there lags behin¢ 
a trend in undergraduate enrollment 


& .... That the 153 schools hav. 
ing one or more curricula accredit 

by ECPD granted 31,216 B.S. degre: 
in 1957-58, whereas the 70 other c 

leges of engineering granted 4,llf 
similar degrees? The 5,751 MLS. ai 

647 Ph.D. degrees all were grant 

by “ECPD schools.” The decrease 

freshman engineering enrollment : 
schools having ECPD accredited cur 
ricula is 11.8% as compared to a 7. 

decrease in schools not having cur 
ricula so accredited; in Canadia! 
schools the decrease was 1.0%. 


& .... That EMC’s “Demand ! 
Engineers—1958” is now available 

EJC Report No. 113? It costs 25¢ pe 
copy and can be obtained from E| 





DO YOU KNOW 


39th Street, New York 158, 
The trend of the demand 
1958 is summarized and 
1956. 1957 
158 deficiencies are presentec 
eakdown of the 1958 data by 
is for 19 “industry” cate- 
“governmental”—fed- 
Both engineer- 


ymparisons of the 


id three 
and local 

juates and technicians are in- 
the tabulations. 


That the American Coun- 
n Education is preparing to take 


stands ona number of issues 


ning to Feds ral aid to 
Its Committee on Relationships 


Education to the Federal 


ment has unanimously voted: 


educa- 


support a full appropriation 
National Defense “eee 
r the remainder of 1959 and for 
HU, 
n amendment to ex- 
the forgiveness feature under the 
program to teachers in private 
ereenys ry and secondary, 
riche ‘rs in colle Pes. 
support an amendment to ex- 


support a 


tend the payment of stipends to those 
engaged, or preparing to engage, in 
counseling and guidance in private 
secondary schools as we ] as 1n such 
public schools 

4. To support a $200 million sup- 
plemental appropriation for the Col- 
lege Housing Loan Program for the 
vear ending June 30, 1959 and to rec- 
ommend for fiscal 1960 an appropria- 
tion of $300 million, including $50 
million for student union and related 
facilities. 

5. To recommend an 
million tor loans to provide col 
classrooms, libraries, 


d support 250 
lag 
ice 


and laboratories 


& .... That the people at Car 
negie and Pitt have cleaned off the 
welcome mat and are putting their 
best feet forward to welcome you at 
the Annual Meeting, June 15-197 
Take a good look at that prel liminary 
program—you ll get it soon—and make 
vour plans to attend. And bring the 
wife and kids, thevl all have a good 
time! 


W. LeicHTon COoLLIns 
secretary 


NO SUMMER VACATION AT PENN STATE 


Pennsylvania State University has taken the first tentative step 
ward eliminating the traditional summer vacations. One aim is 


fill the voids in a college student's education. 
given all year, although students 
nt be required to attend summer school. 


ndergraduate courses will be 


As of next summer, 


The summer program 


lso is designed to help handle the sharp enrollment increase ex- 


ected during the next decade. 


NEW CURRICULUM AT M.1.T. 


Astronautics has officially become a part of the curriculum at 
the Massachusetts Institute of Technology. 

The name of the Department of Aeronautical Engineering has 
been changed to Department of Aeronautics and Astronautics. 





KNOW YOUR ASEE OFFICERS 


Glenn Murphy—Vice President for General Divisions 


Glenn Murphy is a native of Colo- 
rado and graduated from the Univer- 
sity of Colorado with special honors 
in Civil Engineering in 1929. The fol- 
lowing year he taught in the Civil 
Engineering Department at the Uni- 
versity of Colorado and completed the 
requirements for the M.S. degree. He 
then served as a graduate assistant in 
the Engineering Experiment Station 
at the University of Illinois from 1930 
to 1932, working on the reinforced 
concrete arch investigation. He re- 
ceived an M.S. degree from the Uni- 
versity of Illinois in 1932. 

In the fall of 1932 he joined the 
staff of the newly organized Depart- 
ment of Theoretical and Applied Me- 
chanics at Iowa State College and in 
1935 completed the requirements for 
the Ph.D. degree. He attained the 
rank of Professor of Theoretical and 
Applied Mechanics in 1941. From 


1952 to 1955 he served as head of th. 
Department of Aeronautical Engineer. 
ing and since 1955 has been head of 
the Department of Theoretical and 
Applied Mechanics. In 1949 he 
joined the staff of the Institute for 
Atomic Research as Senior Engineer 
directing research in Engineering De. 
velopment and Nuclear Engineering 
on a part-time basis. In 1952 he or- 
ganized the graduate program in Nu- 
clear Engineering at Iowa State Col- 
lege and since then has served as 
chairman of the Nuclear Engineering 
Administrative Committee. In 1956 
he was named the first Anston Mars- 
ton Distinguished Professor of Engi- 
neering at Iowa State College. 

He is the author of five college text: 
books, one of which has recently been 
published in third edition. He is co- 
author of a sixth text, and has written 
numerous technical articles and bul- 
letins. 

A member of ASEE since 1929, he 
has been active in several capacities 
serving as chairman of the Mechanics 
Division, as representative to Council 
from the Mechanics Division in 1945- 
46, and as Council Representativ 
from Aeronautical Engineering in 
1951-53. He organized the Mechan- 
ics Division Bulletin and served as its 
Editor until 1953. In 1951 he was 
named the sixth recipient of the West- 
inghouse Award. He is currentl 
Vice-president, General Divisions. 

He is active in several technical s 
cieties with current committee assign- 
ments in ASCE and ASTM. He is at 
present one of the ASME national lec- 
turers, having also served in this ca 
pacity from 1952 to 1954. 
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THE TRUTH SHALL MAKE YOU FREE 


VICE ADMIRAL H. G. RICKOVER, USN 


Chief, Naval Reactors Branch 
Division of Reactor Development 

U. S. Atomic Energy Commission and 
Assistant Chief of the Bureau of Ships 
for Nuclear Propulsion 


Delivered at the Dedication-Inauguration Ceremonies, Polytechnic Insti 


tute of Brooklyn, Brooklyn, New York, April 19, 1958. 


This speech, in a 


somewhat different form appears in Admiral Rickover’s book, Education 
and Freedom, published by E. P. Dutton Company in January. 


[ thank you for the honor which you 
have bestowed upon me today. Al- 
though I appreciate that a doctorate 
of engineering is a personal award, I 
prefer to accept it in the name of all 
who have been associated with me in 
the naval nuclear power program. In 
an engineering project such as ours, 
whatever credit may be earned be- 
longs to everyone who has shared 
in the work. 


It is a great pleasure to be present 
at the dedication of the new home of 
Brooklyn Polytechnic and to address 


this distinguished audience. As I now 
have a filial interest in this, my adopted 
Alma Mater, may I be permitted to 
start my speech with a word of cau- 
tion: Do not, I beg of you, in this 
beautiful new home lose the _tradi- 
tional spirit of plain living and high 
thinking which was so well expressed 
in the remark of one of your academic 
stars: “What do we want with marble 
halls? We've got men.” 

I have always felt that marble halls 
are not a necessary environment for 
serious intellectual work. I am there- 
fore pleased to note that the predom- 
inating atmosphere here is utilitarian 
rather than Ionian. This is as_ it 
should be in an institution which has 
always been distinguished by single- 
minded concern with matters of the 
mind, and which can match its atmos- 
phere of scholarly austerity with that 


651 


of any of Europe’s famous and vener- 
able centers of learning. 

In some curious fashion we, in this 
country, have convinced ourselves 
that higher learning has had a fashion- 
able cachet abroad, and retains it to 
this day. Many of us think of aca- 
demic life in terms of leisurely pursuit 
of culture in ivy-clad towers—as un- 
real a picture of most European uni- 
versities as could be imagined. Far 
from being islands of aristocratic priv- 
ilege, these universities have always 
been intellectual workshops of austere 
aspect. In the long and honorable 
history of learning which sets western 
civilization apart from all others and 
to which the western world owes its 
dynamic quality, the scholar and the 
student have more often been poor 
than rich. The medieval and Renais- 
sance universities which shaped the 
crude intellect of Europe through as- 
sociation with the polished mind of 
Greece and Rome offered no more nor 
less than a chance to seek truth—to 
achieve liberation of the mind from 
ignorance and superstition. 

These universities were built of men 
—professors and students—rather than 
of brick and mortar. Lacking fixed 
assets, they went wherever academic 
freedom could be found. In truth, 
that was all they needed. Unencum- 
bered by material possessions, Europe's 
students were free to wander from 
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university to university, searching for 
the best professor in their field of 
study. Traditionally, scholars have 
been as rich in spiritual freedom as 
they have been poor in tangible 
wealth. 

I read a story the other day which 
illustrates this point. It tells of 
Guarino, a famed Italian of the 15th 
century who taught rhetoric and 
Greek in a small Italian town. Stu- 
dents flocked to his classes from the 
four corners of Europe. In coldest 
weather they waited patiently outside 
the room in which he lectured—shiver- 
ing in their thin garments, undeterred 
by freezing rain or snow. It is diffi- 
cult to imagine such eagerness for 
learning today. Guarino spent most 
of his income helping the poorest of 
his students, and with them he lived 
in utmost austerity. Still, one must 
not think that life was grim. Medieval 
students were as full of pranks as are 
today’s. Guarino himself was a so- 
ciable soul. He often invited his 


friends to share with him fave e favole 
—beans and conversation! 

True enough, professors and _ stu- 
dents formed a cosmopolitan elite— 
but it was an elite of the mind, not one 


of social privilege. Communicating 
with each other in the universal lan- 
guage of scholarship—Latin—steeped 
in acommon heritage of classical Greek 
and Roman culture, the scholars were 
the first true Europeans. Upon the 
unity of spirit and mind which they 
built must rest today’s hope for uni- 
fication of that divided continent. All 
of us in the West owe to them our 
phenomenal wealth and power—all of 
us benefited when the trained minds 
of scholars took on the task of putting 
science to work on man’s age-old 
problems of disease and want. 

I do not advocate for our professors 
and students a return to such auster- 
ity, but I wonder whether, in our 
schools and universities, we have not 
lost sight of the supreme importance 
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of men as compared to the relative 
unimportance of buildings. I do not 
like to see a splendid school move 
from modest quarters where it has 
achieved solid academic success, 
During a tour of duty in the Far East 
I may have subconsciously absorbed 
from the Chinese their misgivings 
about such moves. For in times past 
when China was noted for her wis- 
dom, it was considered extremely risky 
for a wealthy merchant to leave an old 
and shabby store where he had pros- 
pered, lest he offend the good spirits 
who had brought him success. I sus- 
pect this was not so much superstition 
as that oblique sort of common sense 
reasoning for which the Chinese have 
long been famous. They could read- 
ily see that the upkeep of elegant new 
quarters would have to come out of 
the pockets of the customer in higher 
prices or shoddier merchandise. So 
they would naturally take their busi- 
ness to wiser competitors, and thus 
in time the new house would eat up 
the profits, and that would be the end 
of the foolish merchant. 


Overexpansion 


Now, this is not meant as pure 
whimsy. I am, of course, not seriously 
worried that Brooklyn Polytechnic 
will do less important things in the 
new “big” rooms than it used to do in 
the old “little” ones. Nevertheless, | 
believe that overexpansion is risky for 
any educational institution. It means 
sometimes a long-term debt; some- 
times greatly increased overhead costs, 
and these must be met some way. 
Sheer need for survival may force 
compromise with academic standards. 
Tuition may become more important 
than the quality of the student. En- 
dowments with strings attached may 
have to be accepted, even if they 
disturb the atmosphere of scholarship 
which is as necessary to an educa- 
tional institution as pure air is to man. 
Research grants which might formerly 
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have been rejected may now have to 
be accepted for the money they bring 
in. regardless of whether they fit into 
the academic program or not. Pro- 
fessors and graduate students may 
consequently be turned into mere lab- 
oratory technicians. 

Not a few small colleges which once 
stood like beacons of light in the 
world of scholarship have grown—and 
are now huge run of the mill univer- 
sities accommodating thousands of 
students, many of whom are in search 
of things not strictly academic. But 
the hard pressed administrator strug- 
gling to meet steadily rising costs not 
only welcomes them; he tries to find 
courses which will attract them. 
What had been a good academic pro- 
gram is thus lost in a proliferation of 
trivial vocational courses and service 
activities, designed to attract the fu- 
ture homemaker no less than the the- 
oretical scientist, the beautician as 
well as the physician. The world is 


thereby the poorer, because excellence 


has been traded for size. 

Size always endangers quality. Col- 
leges and universities are as likely to 
overexpand when successful as are 
other types of organizations. They 
are after all merely one particular 
type of the genus “organization,” and 
they are susceptible to the same virus 
of elephantiasis which attacks other 
corporate bodies. The trend towards 
excessive growth is today as great as 
it was when the late Justice Brandeis 
warned us so eloquently of its perils. 

Let me elaborate a moment on the 
subject of this danger: 

Most of the work in a modern so- 
ciety must be done by corporate bod- 
ies, simply because ours is a civiliza- 
tion of extreme specialization. Few 
tasks can therefore now be done by a 
single individual. Most tasks call for 
large numbers of people working to- 
gether. Experience has shown this 
can best be done by establishing an 
organization. Someone must run 


things; lines of command and respon- 
sibility must be laid down and people 
must be allotted their several tasks. 
In any sizable organization there must 
be some people who merely maintain 
the proper environment in which pro- 
ductive work can proceed smoothly. 
They tend the physical plant and han- 
dle personnel matters—their talents 
are in housekeeping and administra- 
tion, and their function is, or ought to 
be, entirely subordinate to that of the 
productive workers whose labors alone 
justify existence of the organization. 


Overadministration 


Whoever has had anything to do 
with organizations will have observed 
the tendency of the administrator to 
gain control over the whole corporate 
body. Yet it can be stated flatly that 
the success of any organization can 
be measured quite accurately by the 
relative position of the administrators 
and the productive workers. The suc- 
cessful organizations get along with 
a minimum of housekeeping staff and 
keep them confined to their proper 
place; those whose real work is de- 
clining almost always have swollen 
administrative staffs. Nothing worse 
can happen to an organization than 
usurpation of command by adminis- 
trators. This is because a natural de- 
sire to enhance their own importance 
leads most administrators subcon- 
sciously to look upon the organization 
as an end in itself rather than a mere 
legal and administrative convenience. 
They are therefore natural boosters 
for size; they are inclined to foster 
expansion for its own sake—sometimes 
in inverse ratio to the amount of real 
work done; occasionally after produc- 
tion has all but ceased. 

In this country we tend to turn 
every human occupation into a “busi- 
ness.” We think that every organiza- 
tion profits by introducing what we 
term “business methods.” But a busi- 
nesslike attitude makes for efficiency 
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only in purely routine matters. It is 
disastrous when applied to creative 
people whether they work in an edu- 
cational institution, a research center 
or a government department. 

The role of the administrator is of 
necessity less important where crea- 
tive intellectual work is done than 
where the work is routine. Any cap- 
able administrator can learn enough 
about the technique of routine pro- 
duction to organize it efficiently and 
to provide a proper environment for 
the worker. These are matters for 
which he has been trained. But few 
administrators possess the capacity to 
master the special fields in which 
creative brainworkers are expert; nor 
can they, as a rule, understand the 
mental processes of professional peo- 
ple and the atmosphere of intellectual 
freedom without which these people 
cannot work effectively. Without 
mastery of the subject and under- 
standing of the people, there is little 
an administrator can contribute to im- 
provement of the mental work done 
in his organization. Worse, he often 
becomes more of a hindrance than a 
help. Not infrequently, all he does is 
interfere with the professional staff 
and reduce real productivity by con- 
stantly bothering them with trivia. 
Nobody can waste as much time as a 
super-efficient administrator trying to 
run a group of “eggheads.” 

I fear that we have gone far towards 
lowering the output of our brainwork- 
ers by over-organizing them. We are 
drowning in paper work. We are 
talking ourselves into a standstill in 
endless committees—those pets of the 
losing the 
genius we once had for improvisation. 


administrator. We are 


Nowadays nothing can be done with- 
out elaborate preparation, organiza- 
tion and careful rehearsal. We have 
been diluting responsibility for mak- 
ing decisions by piling layers of super- 
visory administrative levels, pyramid 


fashion, on top of the people who do 
the real work. All of this has resulted 
in a dangerous lengthening of “lead 
time.” 

By lead time I mean, of course, the 
time which elapses between concep. 
tion of a new idea and the moment 
when the idea has been transformed 
into a useful new object rolling off the 
production lines. 

Lead time is an extremely important 
factor in military strength. Starting 
even, one nation will soon outpace 
another if it has no other advantage 
than ability to transform ideas more 
rapidly into mass-produced military 
hardware. We know that the Rus- 
sians have overhauled us in lead time 
for certain items which they have 
decided to concentrate on in order to 
achieve their goal of military and tech- 
nological supremacy. We cannot per- 
mit this to go on. If over-organization 
lengthens our lead time, we must heed 
Thoreau’s cry of “simplify, simplify.” 

As dangerous as excessive lead tim 
in military items is excessive lead time 
in producing the professional men and 
women needed to run our complicated 
societv. Never before has the future 
of a nation depended so greatly on its 
ability to train enough specialists and 
to train them rapidly. The efficiency 
of a country’s educational system has 
become as vital an element for na- 
tional progress—perhaps even for sur- 
vival—as its industrial and military 
strength. In fact industrial and mili- 
tarv strength cannot advance if edu- 
cation lags behind. 

Our professional schools are not to 
blame for our chronic shortage of abl 
professional people. They have a 
clear-cut purpose and must meet defi- 
nite standards set by state licensing 


requirements or by professional asso- 
Most of them are efficient 
and require no more time to turn out 


ciations. 


professionals than similar schools 


abroad. 
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Educational Efficiency 


But professional education in Amer- 
ica is handicapped by the inefficiency 
of our public elementary and second- 
ary schools. These delay preparation 
of the student for entry upon profes- 
sional study far beyond the time when 
his European contemporary is ready 
to begin such study. Because high 
school graduates lack a broad enough 
general education, most professional 
schools now require completion of 
from two to four years of college by 
every prospective student. This dis- 
courages many able students from 
choosing a professional career. Even 
where a high school diploma will still 
suffice for admission—as in engineering 
schools—previous educational deficien- 
cies must be made up by requiring 
remedial courses in English, mathe- 
matics and the sciences. In European 
school systems these courses are com- 
pleted before the student reaches the 
age of 17 or 18. Incorporating these 
essentially secondary school subjects 
into the engineering curriculum makes 
the study load unnecessarily burden- 
some and partly accounts for the high 
drop-out of engineering students be- 
fore completion of the full course. 

A pernicious mafana spirit perme- 
ates our public elementary and sec- 
ondary schools. The time when pu- 
pils come to grips with real study has 
for years been progressively delayed. 
Each year the American child drops 
a bit further behind his contempo- 
raries abroad. He still cannot spell 
in his own language when abroad 
children his age are already deep in 
serious literature and are carrying one 
or more foreign languages, besides 
heavier schedules in mathematics, sci- 
ences, history and so on. Recently I 
was told of a German exchange stu- 
dent who, though an average student 
it home, not only found school here 
ridiculously easy, but actually stood 
highest in English—mind you in Eng- 


lish!—among his American high school 
classmates. 

We waste the best years of our 
children, when their minds can most 
easily and rapidly absorb a wealth of 
facts and when their curiosity is most 
lively. We do this in the name of 
democracy and of the sacred compre- 
hensive school which must cater 
equally, and perhaps even in the same 
classroom, to children of such diverse 
mental capacities that among one age 
group the mental age between the 
least gifted and the most gifted may 
differ as much as six years. 

The excuse for this procrastination 
is always that ours is mass education 
while Europe’s education is for the 
aristocracy. This is an erroneous and 
spurious alibi. Except for relatively 
short periods of time, European higher 
education has been primarily the con- 
cern of the middle class, but with 
scholarships available for talented 
children of the poor. In fact, educa- 
tion has long been the principal chan- 
nel of social advancement for gifted 
children of Europe's lower middle 
class—artisans, farmers, clerks. In the 
past, the aristocratic father did not 
find it necessary to subject his son to 
the rigorous mental discipline of 
higher learning; at least not until his 
privileges had begun to decline and 
he had to compete with a rising mid- 
dle class. 

Not school fees—which were always 
modest—but inability to finance years 
of unproductive life for their children, 
has in the past kept the European 
masses from higher education. Europe 
is simply poorer than we for lack of 
ample land and natural resources. 
Also, in class societies parents tend to 
feel that what was good enough for 
them is good enough for their chil- 
dren. The desire to give our children 
a better education than we have had 
ourselves goes hand in hand with a 
high standard of living and an expan- 
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sive optimism such as we have had in 
our country since its beginning. 

But in Europe, too, the level of life 
has risen and democracy has been 
growing steadily. There, too, propor- 
tionately more children now attend 
academic secondary schools and uni- 
versities. For example, between 1850 
and 1950 the population of the Neth- 
erlands tripled but the number of uni- 
versity students multiplied 28 times. 

Long ago, most European govern- 
ments took over all or a major share 
of the cost of education from kinder- 
garten to university. Elementary edu- 
cation was made free in some coun- 
tries before we ourselves took that 
step. Fees for secondary and univer- 
sity education have either been abol- 
ished or are adjusted to the parents’ 
income. In their internal manage- 
ment European schools and univer- 
sities enjoy great freedom and it is to 
be doubted whether the relations be- 
tween principal and teaching staff is 
any less democratic there than here. 

Though their national gross income 
is less than ours, the percentage de- 
voted to education is very nearly the 
same as it is here, as is the percentage 
of young people studying for the pro- 
fessions—about six per cent. Profes- 
sional study, in fact, is much cheaper 
there—for example, $75 a year for tui- 
tion in Holland! But in Europe, a 
variety of courses are available after 
elementary school ends. These are 
tailored to fit the aptitudes of chil- 
dren, as determined by examination. 
Teachers are on the lookout for gifted 
pupils and urge their parents to let 
them go to schools preparing for the 
university. Due consideration _ is 
given the late-bloomers who always 
have a chance to switch tracks later 
on, though at the cost of losing one or 
two vears. 

The careful manner with which 
European school authorities seek to 
find the proper type of schooling for 
each child’s individual gifts is often 


criticized here as cruel and undemo- 
cratic. Weeding out by means of ex- 
aminations, in particular, arouses pity 
and horror. Most Americans seem to 
regard education as a sort of com- 
modity or service which anybody 
ought to be permitted to “get,” simply 
by paying tuititon or by having the 
cost of education met through taxes. 
Let me give you an example of this 
curious attitude as reported in a news- 
paper. 

A young principal in a western high 
school, on checking his pupils’ intel- 
ligence and achievement tests, found 
that he had enough talented students 
to warrant setting up a special course 
for them—a tough academic curric- 
ulum. The children liked it and so 
did their parents. But not the rest of 
the community. Furious at what they 
considered “unfair” treatment of their 
own children, the parents of those not 
included in the hard course not only 
managed to get it stopped but got rid 
of the young principal to boot. Though 
this actually happened a good while 
ago, similar cases have been reported 
recently. 

I fear that we shall not have real 
improvement in our educational sys- 
tem until it is widely understood that 
education is and always has been 
something which money alone cannot 
purchase. The only acceptable coin 
which buys an education is hard intel- 
lectual effort. How much education 
can be bought with mental effort de- 
pends on the quality of the teacher 
and of the pupil. Strong motivation 
can often offset a modest I.Q.—and 
we also know that a high I.Q. without 
strong motivation can be ineffective. 
All that a democratic government can 
do to insure educational equality for 
all its children is to throw open the 
school to everyone who will make the 
effort to learn. This, most of our 
European friends have long been do- 
ing. Insistence on intellectual effort 
is where we have fallen down. 
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We also seem to think it more dem- 
ocratic that in this country public 
education be controlled by some 50,- 
000 local school boards and _ state 
boards of education. Almost every- 
where else standards for teacher quali- 
fications, for content of curricula, and 
for school leaving examinations are 
under a national ministry of educa- 
tion composed of highly educated 
men. We show a surprising lack of 
confidence in ourselves when we fear 
to let a government agency set uni- 
form educational standards. It all de- 
pends of course on what we expect of 
the men in such a ministry of educa- 
tion. If we want them to be noted 
scholars—as do the Europeans—and if 
we grant such scholars the right to 
determine curricula and to devise the 
best teaching methods, then it is diffi- 
cult to see how their recommendations 
for educational standards for teachers 
and schools could possibly endanger 
our democratic freedoms. 

Robert M. Hutchins once asked a 
former Minister of Education of the 
Netherlands what would have hap- 
pened if the Minister had appointed 
a professor of whom the faculty of the 
university did not approve. The reply 
was: “My goverument would have fal- 
len.” The people of Holland feel 
strongly enough about academic free- 
dom to require of their government 
respect for the right of university fac- 
ulties to select new members solely on 
the basis of their academic qualifica- 
tions. 

We do not have such respect for 
scholarship. Our state universities 
enjoy no such freedom from political 


interference. Nor are our elementary 


and secondary schools run by teach- 
ers and scholars, who are the only 
productive workers in the field of edu- 
cation. 


In our fear of government 
control we have lost the advantages 
to be gained from entrusting the cur- 
ricula of our schools and the training 


of our teachers to the most highly 
qualified scholars in our land. 

As an engineer, specifications are 
second nature to me. I cannot con- 
ceive of maintaining quality without 
exact standards. It is obvious to me 
that these ought to be expertly formu- 
lated and uniform in a country such 
as ours, where people constantly move 
from one place to another and chil- 
dren often have to change schools 
several times. Lacking central direc- 
tion by an agency of high scholastic 
standing, who then does determine 
school curricula and teacher qualifica- 
tions in our country? The answer 
must be that responsibility for this 
vital task is quite diffuse. 

The quality of our teachers is gov- 
erned by certification requirements, 
set by State Boards of Education. But 
professors of Pedagogy, School Ad- 
ministration and Child Psychology in 
our teachers colleges are so influential 
on these Boards that it is often they 
who prescribe the content of certifi- 
cation requirements. Unfortunately, 
these influential educationists are sel- 
dom qualified to control the profes- 
sional education of our children’s 
teachers. They naturally consider the 
subjects they themselves teach most 
important for teacher education, and 
they are usually biased against “sub- 
ject matter” courses. Indeed, few 
“subject matter” courses are to be 
found in teachers college catalogues. 
Yet courses in pedagogy merely teach 
how to present a subject to the pupil, 
not what the pupil is to be taught. 
Putting the emphasis on the how, at 
the cost of the what, makes American 
teacher qualifications lopsided. If | 
may explain: 

In all learned professions there are 
certain tricks of the trade without 
which the most profound knowledge 
of subject matter cannot be fully 
utilized. A trial lawyer must pay at- 
tention to his appearance, his voice, 
his psychological insight into other 
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men’s minds; he has to be somewhat 
of an actor. This professional “know- 
how” is not taught in law schools. It 
is an art acquired during pursuit of 
one’s profession. In education, ped- 
agogy compares with this “know- 
how.” It admittedly has great impor- 
tance in the early school grades where 
presentation of subject matter to very 
young minds will greatly affect their 
grasp of it. But as the pupil’s mind 
matures, method grows progressively 
less important. Teacher training 
everywhere includes pedagogy. But 
in no other country is so large a part 
of teacher training devoted to study 
of methods, so little to knowledge of 
subject matter. 

This excessive stress on study of the 
tricks of the trade benefits no one but 
professors who teach these courses. 
These, indeed, will never lack for stu- 
dents. Not only are their courses re- 
quired for all who want to become 
teachers, but they can count on a con- 
tinuous flow of returnees, for a teacher 
can advance only if he goes back for 
more of the same courses at stated 
intervals. His proficiency in his sub- 
ject matters not one whit. Since even 
a teacher’s time has limits, this con- 
trol over his professional development 
prevents all but the most self-sacrific- 
ing from acquiring as profound a 
mastery of their subject matter as is 
required of their confréres abroad. 
The ultimate loser is the American 


child. 
Content 


Next in importance to teacher quali- 
fication is the content of school cur- 


ricula. Here, too, the faculties of 
teachers colleges are influential. But 
members of local school boards, pres- 
sure groups of various kinds, school 
principals and parents also have some- 
thing to say in this matter. The peo- 
ple best qualified to render competent 
advice—the school teachers and the 
college and university professors who 


must deal with the products of our 
public schools—all these have little in- 
fluence. On the other hand the ad- 
ministrators of our school plant—th 
principals and superintendents of 
schools—though seldom _ professional 
scholars—these have great influence. 

We have thus in this country the 
curious situation that people with lit- 
tle practical experience in classroom 
teaching and little knowledge of sub- 
ject matter decide what the true pro- 
fessionals—the school teachers—must 
teach. 

This is again a case of administra- 
tors taking command. Perhaps it has 
happened because our educational 
plant has grown so rapidly—has had 
to make room for our fast growing 
child population. Each year we in- 
crease by three millions. This is more 
than our total population at the end 
of the American Revolution. To pro- 
vide room for the newcomers is a 
stupendous administrative task. No 
other industrial country in the world 
has a problem of such magnitude in 
education. Doubtless this has en- 
hanced the position of the school ad 
ministrator. Perhaps too, as a people 
we respect a practical administrator 
more than a teacher or scholar 
Whatever the reason, our school prin- 
cipals and superintendents of schools 
exercise extraordinary control over 
curricula and over the teaching staff 
Rarely is their relation to the teachers 
one of primus inter pares. Most often 
it resembles that of employer to em- 
ployee. 

This would matter less if school 
principals were always former teach- 
ers or if they were scholars. But de- 
spite their masters’ and doctors’ de- 
grees, these men are usually school 
administrators pure and simple. Thei 
academic titles are seldom won by 
original research and study of a 
learned discipline. They are often in 
such subjects as, “The Technique o! 
Estimating School Equipment Costs,” 





THE TRUTH SHALL MAKE YOU FREE 65! 


“4 Scale for Measuring Anterior-Pos- 
terior Posture of Ninth Grade Boys,” 
or “Public School Plumbing Equip- 


ment.” Before we allow ourselves to 
be overly impressed by degrees in 
education, we might well investigate 
in just what fields these have been 
won. But whatever their academic 
worth, these degrees open positions of 
influence in deciding whether the 
school will provide a solid academic 
course of study preparing for college 
entrance, or one which slants the cur- 
riculum towards what one California 
school calls the “Essentials of Living.” 
These particular “essentials” turn out 
to be such things as how to take care 
of a home; how to budget one’s in- 
come; how to buy the right kind of 
food; and —not surprisingly perhaps 

how to make minor repairs on house- 
hold plumbing. 

This sort of thing is likely to hap- 
pen when teachers and curricula are 
put into the hands of people who are 
by training superintendents of works. 
There is no doubt that in their special 
field, these men have done an out- 
standing job of efficient and honest 
management. It is only when they 
impinge on the professional preserve of 
the true teacher that I voice criticism. 

Now that the Sputniks have opened 
the floodgates which dammed a tor- 
rent of long suppressed parental dis- 
satisfaction with our public schools, 
steps are being taken here and there 
to toughen curricula and throw out 
some of the rubbish and trivia clutter- 
ing up American education. There is 
growing recognition that we must free 
our schools from the experimentalist 
philosophers who have been in con- 
trol of our teachers colleges since 
Dewey and Kilpatrick set out to de- 
stroy traditional ways of teaching the 
young. It is true that progressive 
education deserves credit for having 
brought a relaxed and friendly at- 
mosphere into our classrooms. But it 


has not stopped there. On its own 


pragmatic terms we must reject it for 
it is a proven failure. It does not 
“adjust the child to life” in a society 
such as ours. The assertion that it 
prepares the child for life and that it 
does this better than a traditional edu- 
cation has simply not been borne out 
by experience. 

Dewey claimed that “the primary 
business of the school is to train chil- 
dren in cooperative and mutually 
helpful living.” I submit that this is 
an erroneous conception of education 
in a dynamic, competitive society. It 
may be appropriate in static cultures 
which value the status quo above all 
else, since it does indeed develop 
pleasant young people who can read- 
ily fit into any group and get along 
splendidly with their “peers.” But do 
we really want a “happy ant school 
system,” as Senator Flanders of Ver- 
mont put it so succinctly? History 
shows that there is little comfort for 
the survival of a society composed of 
happy, cooperative ants! 

I do not believe our present piece- 
meal attempts will toughen the schools 
effectively unless we reach a con- 
sensus on just what we expect our 
schools to accomplish. What is their 
purpose? What sort of persons would 
we like young graduates to be? 

Each of us must find his own an- 
swer to this question, and must then 
express his wishes clearly and in a 
proper democratic way to those who 
run our schools. For what it may be 
worth, here is my own answer: 


Objectives 


Formal education in schools should, 
I believe, be clearly differentiated 
from such learning as may be termed 
“jncidental”—what the child picks up 
in the home, in association with con- 
temporaries and adults, and from his 
personal experiences. The school's 
concern is with the intellect alone. 
Young people in this modern world 
need minds that are well stocked with 
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the kind of knowledge that makes life 
intelligible. No substitute for a lib- 
eral arts education has yet been in- 
vented that serves this purpose so 
well. English, foreign languages, 
mathematics, sciences, history, geog- 
raphy—these are the subjects which 
must be mastered. They are the in- 
tellectual tools that enable us to order 
our lives intelligently—to understand 
the complexities of today’s tense and 
uncertain world. 

A school succeeds when it sends its 
graduates into the world with minds 
which function markedly better be- 
cause of time spent in the classroom. 
The child’s own endowments and his 
determination to develop them will of 
course set limits to what the school 
can do for him. All we have a right 
to expect of the schools is that they 
will strengthen this determination and 
allow no other limits but those set by 
nature to impede any child’s intellec- 
tual progress. 


Unfortunately, the wrong kind of 
school may handicap the child’s prog- 


ress. Children may not only be barred 
from mental growth where high tui- 
tion withholds education from poor 
children; just as much harm may be 
done when pupils are forced into an 
intellectual strait jacket for the sake 
of democratic equalitarianism. A 
school system which insists on the 
same instruction for the talented, the 
average, and the below average child 
may prevent as many children from 
growing intellectually as would a sys- 
tem that excludes children because of 
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the social, political, or economic status 
of their parents. Neither system js 
democratic. Attendance figures may 
be impressive but they mean littk 
when they represent attendance in 
schools where the mind lies fallow. 

Nothing we bestow upon our chil- 
dren in the way of material advan- 
tages can compare with the gift of a 
good education. We often speak of 
democratic freedom, and of course we 
treasure it. But basic to political free- 
dom is personal independence; and 
this can exist only where the mind has 
been unshackled from ignorance, from 
dependence on the opinions of others, 
and from fear of disagreeable facts. 
Bombarded as all of us are, all day 
long, by subtle sloganeers seeking to 
convert us to their views, we sorely 
need minds that have been sharpened 
by hard intellectual work. We must 
know how to dig up our own facts— 
how to discover truth for ourselves 
The person who has learned to trust 
only proven facts, who knows how to 
find and recognize truth, and who has 
been trained to decide all issues on 
the basis of truth and reason—he and 
he alone is a free man. 

In my opinion, the purpose of 
schools is to help children to develop 
minds which are free, because no in- 
ner deficiencies or outer pressures can 
then bar them from truth and, through 
truth, from inner freedom. I believe 
with Francis Bacon that “it is heaven 
upon earth, to have a man’s mind... 
turn upon the poles of truth,” and this 
I want for our children. 





NEW PH.D. PROGRAMS AT KANSAS STATE 


The Kansas State Board of Regents has authorized Kansas State 
College to offer doctor of philosophy degrees in electronics in elec- 
trical engineering, and in chemical engineering. This brings to 20 
the number of areas in which K-State offers work leading to the 


Ph.D. degree. 





PITTSBURGH AS A RESEARCH CENTER 


EDWARD R. WEIDLEIN 


President, Mellon Institute ( Retired ) 


At the ASEE Annual Meeting, June 15-19, in Pittsburgh, Wednesday, 
June 17, has been set aside for tours of research facilities in and around 


Pittsburgh. 
to see. 


Industry is both a being and a be- 
coming; and so is industrial research. 
Industrial research may be evaluated 
either from a purely monetary stand- 
point, or from the broader viewpoint 
of its importance to the community. 
Even a cursory study of the needs of 
life and of the foundation upon which 
civilization, particularly democratic 
civilization, is built reveals the fact 
that science is necessary for progress. 

There has been a lively interest in 
science in Pittsburgh since it was a 
frontier town. The world continues 
to pay homage to such distinguished 
scientists as Langley, Brashear, West- 
inghouse, Hall, and Duncan. The his- 
tory of scientific research in this dis- 
trict is an informative demonstration 
of the industrial value of science. 

In 1813, the Pittsburgh Chemical 
and Physiological Society, the third 
chemical society in the United States, 
was formed under the presidency of 
3. Troost, a well known early scien- 
tist. Chemical research carried out in 
the Pittsburgh district has given new 
industries of economic importance as 
several illustrations will show. 

The manufacture of bromine was 
begun in the United States in 1845 by 
David Alter of Freeport, Pa., in part- 
nership with Edward and James Gil- 
lespie. In 1887 Francis C. Phillips, 


then professor of chemistry in the 
Western University of Pennsylvania, 
now the University of Pittsburgh, ef- 
tected technically valuable improve- 
ment in manufacturing bromine and 


This article may help you to choose what you would like 


iodine, and his process was adopted 
by a company operating in Allegheny. 

S. M. Kier, a pharmacist of Pitts- 
burgh, began about 1855 to “refine” 
crude oil from a Tarentum brine well, 
using a still he constructed. The 
“light, wine colored” distillate which 
first came over was found useful for 
illuminating purposes as “carbon oil,” 
while the heavier product was sold 
for cleaning wools. 

The bringing of aluminum into the 
rank of the cheaper metals is looked 
upon generally as one of the foremost 
metallurgical achievements of the 
nineteenth century. Charles M. Hall, 
a chemist, took a metallic rarity and 
made out of it a common metal, and 
made the entire human race his 
debtor. The commercial development 
of the Hall process was begun in 1888 
on Smallman St., Pittsburgh, and the 
manufacture of aluminum became a 
business success at New Kensington, 
Pa. 

Another example is the discovery 
of silicon carbide by E. G. Acheson. 
Acheson first produced carborundum 
in March, 1891, at Monongahela City, 
Pa., and began its manufacture in a 
small way. In 1894 industrial opera- 
tions were transferred to Niagara Falls 
where cheap power was available. 

When we speak of radioactive ma- 
terials, Pittsburgh played a very im- 
portant role. The first commercial 
production of radium preparations 
was begun in the United States by the 
Standard Chemical Co. of Pittsburgh 
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in 1913. This company made great 
contributions to American medicine. 

Certain materially important indus- 
tries have also been richly benefited 
by chemical research conducted in the 
Pittsburgh district. It is, for example, 
quite difficult to recall a more far- 
reaching invention than that of the 
dry air-blast for the manufacture of 
iron, devised by James Gayley, a met- 
allurgical chemist. This discovery ef- 
fected a reduction of from $.50 to 
$1.00 per ton on the cost of producing 
pig iron, besides making it possible 
for the ironmaster to produce in all 
weathers a metal of uniform quality. 
The dry-air-blast was developed by 
Gayley between 1885 and 1904 at the 
Edgar Thomson furnaces in Pitts- 
burgh. 

Carbide and Carbon Chemicals 
Company, a Division of Union Car- 
bide and Carbon Corporation, the sec- 
ond largest chemical company in the 
world today, owes its existence to the 


Industrial Fellowship System of Mel- 


lon Institute. Through this research 
the aliphatic organic chemical indus- 
try, better known today as petrochem- 
icals, was established in this country. 
George O. Curme is considered one 
of the greatest living exponents of 
aliphatic chemistry. He started his 
research program at Mellon Institute 
in November, 1914. 

Further research at Mellon on 
chemicals from acetylene resulted in 
the development of a process for pro- 
duction of acetaldehyde and related 
products. Carbide helped open the 
first semicommercial plant in this coun- 
try for evolving chemicals from acety- 
lene at Niagara Falls, N. Y. This was 
the forerunner of what is now the 
Niacet plant of Carbide and Carbon 
Chemicals Company. 

Another new industry originated in 
Pittsburgh through Mellon Institute 
is the Visking Corporation in Chicago, 
often referred to as the development 
that “put cotton shirts on wieners.” 
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This industry has expanded into man) 
other fields with its products, in addi- 
tion to the casings for sausages and 
wieners. It was established in 1926 
These few examples are given to 
show the wide influence that Pitts 
burgh scientists have had on othe 
sections of the country, as Mellon Ip- 
stitute has served over two thousand 
companies throughout the United 
States and has created hundreds of 
new processes and products, besides 
other new industries not mentioned 


Diversity of Research 


Pittsburgh’s permanent  contribu- 
tions to the world of science extend 
over many fields. 

There are forty-four research lab 
oratories in the district, which cover 
such broad subjects as iron and steel 
aluminum, electrical equipment, by- 
product coke, coal, petroleum, natural 
gas, ceramic materials, clay products 
glass, food, cork, paints and varnishes 
and such specialized fields as pharma 
ceuticals, dental supplies, safety ap- 
pliances, industrial and scientific in 
struments, water softeners, wate 
heaters, specialized tanks, alloys of 
various types, vanadium, tungsten 
molybdenum, and, last but not least 
atomic research. 

In the fields of medicine, bacteriol- 
ogy and biochemistry, the University 
of Pittsburgh Medical School and sev- 
eral hospital laboratories are carrying 
on extensive research programs. Th 
results from some of these research 
programs, such as the Salk vaccin 
are attracting world-wide attention 

The new School of Public Health at 
the University of Pittsburgh is alread) 
recognized as one of the outstanding 
institutions of its kind in this country 

Pittsburgh compares favorably with 
any other section of the country for 
its contributions to the field of atomic 
research. Carnegie Institute of Tech 
nology’ Nuclear Research Center 
near Saxonburg has a 3,000,000 volt 
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svnchrocyclotron. It is devoted to 
fundamental research and the train- 
ing of men. Such new knowledge 
will be of value for both defense and 
neace-time use. At the University of 
Pittsburgh is located a cyclotron, one 
the best machines in the world to 
nroduce radioactive isotopes. It sends 
its products as far as Sweden, India, 
nd Japan. 

Our educational institutions of 
higher learning, of which there are 
several in the district, have well or- 
ganized research departments in the 
field of chemistry and chemical engi- 
neering, besides other fields of sci- 
ence, which enable them to turn out 
well rounded, highly trained scientific 
men and women. 

The highly specialized instruments 
ind supplies for carrying out research 
we made available through the na- 
tionally known Fisher Scientific Com- 
pany and the Burrell Corporation. 
The Mine Safety Appliances Com- 
pany was built and has grown on re- 
search—research that has produced 
safety equipment of all kinds. The 
history of modern safety in America 
is also the history of the Mine Safety 
\ppliances Company. 

In 1910, Congress established a Bu- 
eau of Mines under the Department 
f the Interior, and its first Experi- 
mental Station was set up in the old 
\rsenal Buildings in Pittsburgh. It 
now occupies a well established lab- 
ratory on Forbes Street, and a most 
modern and up-to-date research lab- 
ratory at Bruceton, Pa. It not only 

uries out, on an elaborate scale, re- 
search pertaining to safety and effi- 
iency in the mining and metallurgical 
ndustries, but it also has a very con- 
‘tructive program on the fundamental 
tudy of coal. 

The Pittsburgh Testing Laboratory, 

ther nationally known organization 
vith branches in various parts of the 

intry, is rendering valuable service 
industry. It not only provides test- 


ing facilities and consultation service, 
but likewise carries on research on a 
wide range of chemical and metal- 
lurgical problems. 

New research centers are going up 
in the Pittsburgh district, as well as 
expansion of existing laboratories. 

It is impossible in an article of this 
type to go into details on the research 
programs, or to cover every individual 
industry, but I hope the selections 
made and the information presented 
will give an over-all picture of the 
magnitude of these activities and 
prove Pittsburgh is a center of scien- 
tific research. 

The Aluminum Research Labora- 
tory is one of the district’s outstanding 
organizations; therefore I would like 
to refer again to this industry. From 
a small group of five in 1918, the staff 
of aluminum research laboratories has 
grown in forty years to number sev- 
eral hundred men and women and oc- 
cupies several fully equipped and 
modern buildings on a 14-acre plot of 
ground. Progress in research has been 
greatly accelerated by the accumula- 
tion of scientific knowledge and by 
the tools of modern science. The 
Aluminum Company has just recently 
purchased a large acreage of land to 
expand their research activities. 

Pittsburgh was referred to previ- 
ously as a pioneer in the petroleum 
industry. The multiplicity of uses of 
petroleum is due in large measure to 
the success of petroleum research 
through the years. The Gulf Re- 
search and Development Company, 
with laboratories at Harmarville, Pa., 
is one of the industry's outstanding 
research organizations. 

The Gulf Research Laboratory is 
the most highly integrated unit of its 
kind in the world. Engineers, chem- 
ists, physicists, mathematicians, ento- 
mologists, geologists, geophysicists, 
machinists, instrument makers, plumb- 
ers, electricians, tool makers, glass 
blowers, and other men and women, 
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1,000 strong, unite to form a research 
team which has earned world-wide 
recognition. 

One of the very earliest industrial 
research laboratories established in 
America was organized by Westing- 
house in 1904. Only a half-dozen 
men were employed. The personnel 
has steadily grown until today many 
hundred people are employed in their 
newly constructed research center. 
Westinghouse was one of the first re- 
search organizations to establish a 
nuclear physics laboratory (atom 
smasher). It is therefore logical that 
this organization was selected by the 
Navy to construct a nuclear reactor to 
drive the super-submarine, U.S.S. 
Nautilus. They also built the nuclear 
reactor for the Duquesne Light Com- 
pany’ plant at Shippingport, Pa., 
which is producing electricity for 
commercial use. The atom power 
plant’s design and engineering studies 
are carried out at Westinghouse’s 
atomic power division on the 146-acre 
site of the former Bettis Airport. 

Born from research, Koppers has 
played a very important part in two 
world wars, providing materials of 
vital importance to our military needs, 
such as toluene, benzene, naphthalene 
and ammonia, besides vital coke for 
the steel industry. In World War II 
the Company played a very important 
role in the synthetic rubber program, 
and as a result has brought to Pitts- 
burgh an important chemical industry, 
based upon the materials used for 
making rubber. 

Coal is a material vital to Pitts- 
burgh. We cannot overlook the part 
Pittsburgh Consolidation Coal Com- 
pany is contributing through research 
and development. Its Disco plant 
has played an important role in elim- 
inating smoke from the atmosphere 
by providing a low volatile fuel. 
Pittsburgh Consolidation is devoting 
much of its efforts to fundamental re- 
search on coal. Bituminous Coal Re- 
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search Incorporated, with headquar. 
ters in Pittsburgh, are also devoting 
their research talents to the funda. 
mental study of coal. 

The recent completion of the ney 
research center by the U. S. Steel Co 
located in the vicinity of Pittsburg) 
is another link in the already strong 
chain of research laboratories in oy 
city. 

Research looking toward improve- 
ments in the composition and manv- 
facture of steel, tool and cutlery steels 
special alloy steels, and the develop. 
ment of better processes and products 
is under way in several laboratories i 
the district. The Firth Sterling Stee! 
Company, McKeesport, Pa.; The Va- 
nadium Alloys Steel Company, La- 
trobe, Pa.; Crucible Steel Company of 
America; Allegheny Ludlum Steel 
Corporation; Heppenstall Company 
and Jones & Laughlin Steel Corpora- 
tion maintain well equipped labora. 
tories and staffs of highly trained sci- 
entists. 

Specialized Fields 

Research is also carried on by sev- 
eral companies in specialized fields 
The McKay Company has an exter: 
sive research program on arc-welding 
and chain technology. The Pitts 
burgh-Des Moines Company is no 
only interested in methods to impro\ 
the effectiveness of storing chemic:! 
and allied substances in steel tanks 
but includes research on the mec: 
anism of the failure of steel member 
on the contribution of temperatur 
stresses in limiting the strength 
steel, on the development and utilize 
tion of new types of steels, and on t! 
improvement of the design and tec! 
nique of making welded joints 

The glass industry is one of ¢ 
most important in the Pittsburgh dis 
trict, which produces window gla 
plate glass, lighting glass and nume! 
ous other forms of glassware. 1! 
Pittsburgh Plate Glass Company doe 
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not confine its research to glass, but 
also maintains three separate labora- 
tories: a Paint Division, Brush Divi- 
sion and a Chemical Division. The 
Company has recently established a 
new research center near Pittsburgh. 

Another industry which owes its ex- 
istence to research is based upon pro- 
tective coatings of a different type. 
Robertson Protected Metal was in 
serious difficulties until research saved 
its life. Research that worked out the 
coatings for Robertson Protected 
\fetal went far into asphalt technol- 
ogy and justified the construction of 
some of the world’s largest asphalt 
stills at the H. H. Robertson Com- 
pany’s plant in Ambridge, Pa. 

Science has made great strides in 
the food field, and a better under- 
standing of the value of various foods 
and the proper diets has led to a 
healthier population, and has con- 


tributed to the increased life expect- 
ancy. The H. J. Heinz Company has 
maintained extensive research facil- 
ities for the study of foods and nutri- 
tion, carrying out research on baby 
foods, junior foods and now studying 
foods for the aged. Each stage in our 
lives requires a better understanding 
of food requirements. Their new re- 
search laboratory, dedicated in the 
fall of 1958, is one of the most mod- 
ern, and complete food research lab- 
oratories in the world. 

In view of the hundreds of millions 
of dollars that are now being ex- 
pended on research annually by the 
industries, by the Federal government 
and by universities, we have pro- 
gressed a long way in our standards 
of living since the founding of the 
city of Pittsburgh 200 years ago, in- 
cluding a healthier atmosphere in 
which to live. 





AT THE ANNUAL MEETING 


The Heinz Memorial Chapel at the University of Pittsburgh, 
scene of next year’s ASEE Meeting, was given in memory of Mr. 


H. J. Heinz by his children. It is a gothic structure, architecturally 
similar to St. Chapelle in Paris, seating about 500 people. The 
stained glass windows are considered to be among the finest in 
this country. The height of the chapel ceiling is 125 feet. The 
chapel is open every day and those attending the meeting should 
make it a point to visit it. 


Carnegie Museum, which is situated between the University 
of Pittsburgh and the Carnegie Institute of Technology campuses, 
is one of the country’s outstanding museums and also contains an 
art gallery. The brontosaurus and apatosaurus skeletons here are 
the originals from which casts have been sent to most other major 
museums throughout the world. The art collection ranges from 
Italian primitives to modern art. There is also an unusual collec- 
tion of remarkable glass models of deep sea life. The Heinz ivory 
collection is outstanding. The museum and art gallery are open 
daily without charge from 10:00 a.m. to 5:00 p.m. 
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In discussing the internal obliga- day we would be forfeiting by default 
tions of the university in maintaining — the rare opportunity external circum 
the stability of engineering research I stances have created for the engineer. 
should like to restrict myself to those ing college. 
areas of research which have a direct It would be well to begin our dis. 
bearing on and contribute significantly cussion by establishing certatin real- 
to the educational function of the en- __ istic premises upon which to defin 
gineering college. The research cen- the areas of university obligations 
ter operated under contract by a uni- These are (1) that = survival and 
versity, by virtue of the type of re- — growth of engineering education ar 
search it is obligated and constituted — essential to national survival and 
to perform and, as is often the case, growth; (2) that effective enginee: 
by its geographic separation from the — ing education depends upon an activ 
university, does not, as a rule, con- _ research program, particularly in thy 
tribute directly to education. Rather graduate level; (3) the recognitio1 
the converse is often true; namely, — that engineering research is expensiv 
that the educational function of the — expensive not only in equipment and 
university, or its product (in terms of in plant but expensive in manpowe! 
men and ideas) contributes signif- (4) that the cost for such expensi\ 
icantly to the success of the research research cannot be borne by the w 
center. The military needs which versity alone, and that the only in 
brought forth the creation of the re- portant source of income at present 
search center also assure the stability and in the foreseeable future is thi 
of its operation. Therefore, I believe federal government; (5) with respect 
it appropriate for us to concentrate on —_ to the community of commerce an( 
those problems peculiar to the main- _ industry outside the university, it must 
tenance of research programs which _ be recognized that open competitio! 
constitute an integral part of the edu- for manpower and financial support 
cational activities of the engineering exists and that in such competitio! 
college. I shall attempt to point out — the university enjoys no special pri\ 
the principal area of university obliga- _ilege or sanctity; and finally, (6) thet 
tion towards the stability of research; there is a crisis in engineering edu 
and that unless certain basic and tradi- _ tion, the crisis manifesting itself in. 
tional concepts and practices are mod- shortage both in teachers and in ac 
ified to cope with the realities of to- | vanced graduate students; and thet 
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the university is ill-prepared and ill- 
equipped financially, organizationally 
and administratively to cope with the 


crisis. 
The Crisis 

This crisis is unique in many re- 
spects. It has been brought on not 
by a decline in the worth of the pro- 
fession to our society and a conse- 
quent lack of public support; or, to 
put it in less academic terms, not be- 
cause the market is poor. Rather the 
opposite is true; and it is the good 
market that has decimated the engi- 
neering college and precipitated the 
present crisis. The problem is quite 
akin to that of the conservation of nat- 
ural resources; and, as in attempts at 
reforestation, wherein the forester, 
and not the house-builder, must bear 
the responsibility, it is the university's 
responsibility to lead itself out of the 
crisis. In this reforestation of the en- 
gineering college, the instructional 
and research aspects of the problems 
are inseparable. Those measures 
taken which will resolve the problems 
associated with research will invari- 
ably also benefit the teaching of engi- 
neering, and vice versa. The success 
of our conservation measures will de- 
pend on the ability of the engineering 
college to exploit the two wellsprings 
of financial resources and manpower. 
| believe that the output of both these 
fountainheads are available to the 
university, but that because of im- 
proper input impendance matching 
the engineering college is failing to 
derive its full potential of benefits 
from these inputs. 

Running an educational institution 
in an expensive business, as all of us 
taxpayers must be painfully aware. 
Research is even more expensive, as 
can be seen from some budget exam- 
ples. The University of Southern 
California, for the year ending June 
30, 1957, had a budget amounting to 
i7 million dollars; and out of this 


some 3.23 million went into research, 


of which some 1.25 million went into 
engineering research. Out of the to- 
tal of 3.23 million for research, the 
support in the amount of 3.04 million 
came from the U. S. government, and 
this amounts to some 18% of the total 
budget, which is probably not un- 
typical of a large university. On the 
other hand, if we consider a school 
which specializes in technology, the 
corresponding percentage 
considerably larger. For example, the 
California Institute of Technology, 
over the same period, had an income 
of some 8 million dollars of which 
over 27% came from government con- 
tracts. Regardless of the political, so- 
ciological or economic viewpoint we 
may take as regards federal support 
of private education, we have no al- 
ternative but to concede that federal 
resources constitute the main support 
for university research. This being 
the case, we must further confront 
the unpleasant prospect that the uni- 
versity must compete against others 
for this support. 

In this open competition the uni- 
versity is compelled to assume a role 
quite at variance to its traditional na- 
ture and function. The university is 
not organizationally constituted nor 
financially able to engage in the type 
of promotional activities which indus- 
try is able to do in order to secure 
support from the federal government. 
The university enjoys no special priv- 
ilege, either, in this competition, the 
lip-service paid by our leaders to the 
importance of education notwithstand- 
ing. Even the low cost of operation 
of university research as compared to 
industry may turn out not to be a 
blessing. Recently it has been learned 
that a directive was issued within the 
organization of the Wright Air De- 
velopment Center of the Air Research 
and Development Command of the 
U. S. Air Force, to the effect that con- 
tracting officers may, at their discre- 


becomes 
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tion, exclude universities from bidder’s 
lists for research and development 
contracts, because, in their opinion, 
the universities, by virtue of their low 
cost of operation, offer unfair com- 
petition to industry. 

Closely coupled with this competi- 
tion for sources of money supply is 
the competition for the sources of 
manpower supply. The technical ad- 
vances made by this nation in the 
past decade or two have been, to a 
great extent, accomplished at the ex- 
pense of the universities, which, by 
accepting sub-standard income for 
their faculty, effectively subsidized 
these technical advances, and have 
also lost a great many of their talented 
people to industry in the process. 
More and more we see the exodus of 
competent teachers from the univer- 
sity campus to industry, and more and 
more we see the young graduate stu- 
dent of the M.S. level leaving the uni- 
versity to go to industry. It should 
be recognized that it is not only for 
high income that many of these peo- 
ple are tempted to go into industry in 
preference to the university. We must 
admit that today many industrial or- 
ganizations provide nearly as desir- 
able an atmosphere for research and 
study as is traditionally offered by the 
university. In fact, one only has to 
read the recruiting ads of many of 
these organizations boasting of the 
academic atmosphere in their labora- 
tories. Industry today can also offer 
just as interesting problems of a basic 
nature to the research man as are 
thought by some to be offered only by 
the university. One has only to look 
at the programs of technical meetings, 
of the past half decade to see an in- 
creasing number of papers offered by 
representatives of industrial labora- 
tories as compared to the number of 
papers offered by university people. 

Where does all this lead us? The 
inevitable answer is that we must 
recognize the existence of the crisis in 





engineering education, and that the 
problem of maintaining stability of 
research in engineering schools jis jp. 
separably a part of this general crisis, 
We must further recognize that th 
crisis is the result not only of external 
factors but internal ones as well. | 
believe universities are themselves to 
blame to a considerable extent for 
having placed themselves in the pres- 
ent critical condition. The manifesta- 
tions of the present crisis are shortage 
of teachers and advanced graduate 
students, even more so than the short- 
age of funds for equipment or build- 
ing; for buildings and equipment 
alone do not make for good education. 
Many engineering departments in our 
universities are being staffed by peo- 
ple with M.S. degrees or professional 
degrees, at a time when the necessary 
quality of engineering education de- 
mands a better qualified faculty. It 
may be true that a man with an MS. 
degree or a professional degree today 
is as well equipped, or perhaps better 
than the Ph.D. of 25 years ago. This, 
however, does not mitigate the critical 
fact that the best and the most quali- 
fied people are not going into teaching. 
Salaries 

Since it is clear that open competi- 
tion exists, with which universities are 
ill-equipped to cope, how, then, can 
universities survive in this contest? 
The only advantage the universities 
enjoy—and this is a most important 
one, which no other institution can 
possibly offer—is that they alone can 
provide the opportunity for fulfillment 
of the desires of those who would find 
satisfaction in helping to bring forth 
the blossoming of the intellect and 
the arousing of curiosity in the youth 
of our society. I believe there are 
still a sufficient number of these peo- 
ple to fill all of the teaching and re- 
search needs of the universities 
However, these people, at least 4 
great majority of them, cannot afford 
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the luxury of university teaching and 
research. As to the competition for 
outside financial support, the advan- 
tage that universities offer as com- 
pared to an industrial laboratory again 
rests within the very nature of the 
university, namely, that they alone 
can realize the hope of the nation in 
maintaining our technical lead in the 
world, by assuring the production of 
future generations of scientists and en- 
gineers. This second area of appeal 
is, fortunately, well recognized by the 
public as well as by the political lead- 
ers of this nation. The real problem 
as I see it is that the appeal to the 
public has not been effectively ex- 
ploited. As I said, I believe there are 
a large number of people interested in 
teaching who would come to the uni- 
versity but for the fact that they can- 
not afford it. Time and again in the 
past year or two I have interviewed 
young Ph.D.’s coming out of engineer- 
ing schools fired with the desire to do 
research and to teach, but who, after 
facing the harsh facts of life, conclude 
that they cannot afford to come to 
work at a university. 

| believe that a basic obstacle to 
the raising of teachers’ income at uni- 
versities is a puritanical attitude to- 
wards the academic man’s financial 
status. Somehow within our univer- 
sity community there has developed 
the attitude that to suffer in material 
matters is soul-cleansing, and is good 
for the development of a scholastic per- 
son, and that it is only people willing to 
make this sacrifice who are worthy of 
being scholars and teachers. The re- 
sult is that some university people 
would deny themselves the prospects 
of an increase in income for fear that 
secularism would invade their hal- 
lowed halls. 

To raise faculty salaries to a level 
adequate to meet competition of the 
outside community is obviously not 
possible within normal academic 


means or through traditional prac- 


tices. Since we are concerned here 
with the problems of engineering edu- 
cation and engineering research, let 
us restrict ourselves to a discussion of 
the prospects of meeting this financial 
need within the engineering univer- 
sity community. I believe in this re- 
spect the engineering schools have a 
distinct advantage over other depart- 
ments and schools in the universities. 
This advantage rests with the fact 
that engineering education and re- 
search are highly salable items, and 
that both the private individual and 
the government are willing to pay for 
them, so that provided the proper ad- 
ministrative policies are made within 
the university, the faculty's income 
may be substantially increased. It 
must be quite obvious that no prospec- 
tive engineering students of promise 
today are lost to the universities be- 
cause of the inability to meet tuition 
payments. If engineering education 
is a premium item in our society, then 
the engineering university must, for 
the sake of its own survival, accept 
the economic realities of our times 
and make appropriate adjustments to 
them. It is high time for the engi- 
neering universities to cease subsidiz- 
ing this country’s technological growth 
through self-denial. Tuition must be 
raised to meet the true cost of a good 
engineering education. Furthermore, 
if a faculty member performs a re- 
search task which is supported through 
a government contract then he should 
be paid for such performance. Here 
again the puritanical attitude prev- 
alent at so many university campuses 
prevents this academic person from be- 
ing paid for what he does. If we ac- 
cept the fact that we live in a capital- 
istic society with a free enterprise sys- 
tem in which a person is paid for his 
services, and if the government enters 
into contract with a private concern 
such as a university for the rendering 


of certain services, then those _per- 
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forming the services should expect to 
be appropriately remunerated. 

The use of federal funds to relieve 
the burden of the basic salary fund of 
a university is not the solution of the 
financial problems of the universities. 
It only tends to aggravate the situa- 
tion which is already critical. The 
disallowance of additional salary for 
the performance of research not only 
results in failure to raise the general 
level of faculty income and thereby 
discourages the newcomer from en- 
tering into the academic community, 
but it has the further effect of discour- 
aging the performance of research on 
campus. Since, while disallowing ad- 
ditional income for research, the uni- 
versity allows off-campus consulting, 
the result, of course, is that the fac- 
ulty, rather than spending time on re- 
search on campus, spends it outside 
in consulting. One certainly cannot 


blame the faculty for not being will- 
ing to take on research responsibilities 
on campus for which he is not paid 


when for the same effort expended off 
campus doing work that can be just 
as interesting scientifically, he is paid, 
and paid quite well. 
Egalitarianism 

The failure of the universities to 
face up to the economic realities of 
today is, to a considerable extent, the 
result of two outmoded philosophical 
attitudes, one of which, puritanism, 
has been mentioned. The other is an 
arbitrary egalitarianism as regards in- 
come. The university, especially a 
large university, is made up of repre- 
sentatives of many diverse disciplines. 
The egalitarian attitude holds that, 
because these are all nominally under 
one university administration, their 
practitioners must necessarily receive 
the same income for their activities. 
Imagine what the status of the profes- 
sions of medicine and law would be 
in this country had their respective 
schools not detached themselves from 


this egalitarianism. I have been told 
that in Switzerland, a full professor. 
ship at the Technical Institute jy 
Zurich is a most coveted position, not 
only because of the prestige, but be. 
cause the income of a professor at 
such an institute is equivalent to that 
of any first class business executiy 
And of course, we have been plagued 
with reports of how radically bette; 
paid the Russian engineer and scien 
tist are compared to the ordinan 
working people. It is ironic that even 
in the field of free competition with 
regard to technical and scientific tal. 
ent, we, as proponents of the free en- 
terprise system, have been beaten in 
our own game by our opponents who 
are supposed to espouse economic 
egalitarianism. The communists hav: 
obviously discarded egalitarianism 
when will the twentieth centur 
American university? 

American engineering education is 
today facing a unique opportunity for 
rebuilding its vitality within the aca- 
demic community of the nation be- 
cause of the pressing needs of tech- 
nological competition in the world 
community. A far reaching step 
which engineering colleges might well 
take towards exploiting the opportu 
nity, and thereby improving. thei 
standing with respect to the promo- 
tion of good research and the ultimat 
establishment of a healthy and grov 
ing educational program, would be to 
consider the establishment of profes 
sional schools, as has been done )) 
the professions of medicine, dentistr) 
law, etc. Such schools would then bi 
in a position to develop themselves 
and be able to deal better with finan- 
cial, organizational and educational 
problems which are peculiar to th 
profession of engineering in its total 
relationship both with respect to th: 
education community and to the na 
tional community as a whole. Man) 
of the administrative problems which 
engineering schools face today withi! 
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the traditional university framework 
mav well be circumscribed should 
such a step be taken. Furthermore, 


establishment of professional schools 
of engineering will certainly enhance 
the position and prestige of the engi- 
neer as a professional man in Amer- 
ican society. 

The challenge beckons, the public 


ADDRESSES WANTED 


support stands ready, and those dedi- 
cated to teaching are numerous. It is 
now up to the engineering colleges 
themselves to face up to this challenge 
and to make the most effective use of 
this public support, to vitalize engi- 
neering education and to help this 
country maintain its technological 
leadership in the world. 


Each year, after the data for the Yearbook-Directory issue of the 
Journal have been assembled and trundled off to the printer there are 


members for whom we have no address our best efforts. 
we need addresses for the following members. 


This year, 
If you know any 


of their addresses or how we can communicate with any of them, 
just check the name, write the information on the sheet, and send 
it to the Secretary, American Society for Engineering Education, 
University of Illinois, Urbana, Illinois. 


Bell, Norman R. 
Boehmer, Andrew P. 
Boling, Ronald W. 
Boynton, Paul W. 
Bryans, Andrew E. 
Buchbinder, Harold G. 
Calabrese, Giuseppe O. 
Chase, Eugene C. 
Cunningham, William A. 
Fazekas, Gabriel A. G. 
Flarity, Earl C. 
Gorman, Paul J. 
Gleason, James G. 
Goodstein, Robert 
Haney, Harold E. 
Head, Robert R. 
Hernley, Kenneth P. 
Hoehn, William J. 
Holt, Jay 

Hopwood, John F. X. 
Hughes, Charles S. 
Hyman, Harris 

Ince, Simon 
Kaufmann, Fred H. 


Kent, Harry L., Jr. 
Khan, Shujaat A. 
Kiesling, Ernst W. 
Lee, Mary H. 

Lowe, Wilkve B. 
Miller, John L. 
McFarland, Francis J]. 
McMahon, Thurmul F. 
Ojalvo, Morris 
Ostertag, Charles W. 
Price, Philip 
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Introduction 


Let us imagine, for a moment, that 
we are standing near a rocket launch- 
ing base. After weeks of hard, en- 
thusiastic work of hundreds of scien- 
tists, engineers, and mechanics the 
rocket is ready to be launched. We 
hear the countdown—5, 4, 3, 2, 1, zero! 
The rocket motor ignites. The rocket 
rises majestically out of a cloud of 
smoke and fire, 2, 3, 10 feet, a hun- 
dred, faster and faster. All of a sud- 
den we see the rocket wobbling, a ball 
of fire appears, the rocket slows down, 
dives, and a terrible heartbreaking 
sight, plunges into the ocean. A hun- 
dred thousand dollars, or perhaps a 
million, may be irretrievably lost. 

We have hardly recovered from our 
shock when we hear over the loud- 
speaker a calm voice saying: “The 
launching was a perfect success but 
unfortunately, the missile failed dur- 
ing its ascent, due to a minor mechan- 
ical defect.” 

We may ask: What “minor” defect 
prevented the giant rocket from reach- 
ing its target? Will our engineers be 
able to determine its true cause and 
make sure that the next rocket will 
succeed? 

Such questions are misleading, how- 
ever. Rockets, being very complex, 
suffer not from just one or a few seri- 
ous “bugs,” but from a great many, 
perhaps hundreds or thousands of rare 
and very rare diseases. Each of these 


has, once in a while, its chance to 
“kill” an expensive missile. 

Obviously, we must not think in 
terms of defects or “bugs,” but rather 
in terms of probabilities of failure. 
Each component type has a probabil- 
ity of failure of its own. Although 
compared to commerciai standards, 
the probabilities of failures may ap- 
pear low, the system as a whole may 
be very unreliable. 

Why? What is the theoretical rea- 
son for this alarming fact? 


A. The Reliability Formula 


To clarify this problem let us first 
define reliability: It is the probability 
that a device will function properly 
during a mission. 

If we visualize a very complex sys- 
tem consisting of perhaps thousands 
of components, we feel that its overall 
reliability must somehow depend on 
the reliabilities of its components. 
But how? Offhand, one may think 
the overall reliability equals the aver- 
age reliability of its components. This 
however, is a grave mistake. Ac 
tually, the overall reliability equals 
the product of the component reliabil- 
ities, as indicated by the reliability 
formula: 

Poverau = Py*Po°P3:**P, 


This formula shows that each com- 
ponent decreases the overall reliability 
of an equipment by its own reliability 


Jrl. Eng. Ed., V. 49, No. 8, April 1 





ECONOMIC CONSEQUENCES OF UNRELIABILITY 


factor. If an equipment consists of 
only a few components, the overall 
reliability might be quite acceptable. 
But if it consists of thousands of 
components, that is, resistors, capaci- 
tors, electron tubes, etc., the overall 
reliability may turn out to be griev- 
ously low. A simple missile consisting 
of one hundred components, each hav- 
ing a 99 per cent reliability, will have 
an overall reliability of only 36.5 per 
cent. Approximately two out of three 
missiles would fail. A more complex 
missile consisting of 400 components, 
and having the same 99 per cent com- 
ponent reliability, would have an 
overall reliability of only 3 per cent. 
Nintey-seven out of a hundred missiles 
would fail! 


B. Economic Consequences 
of Unreliability 

1. Commercial Reliability versus 
Military Reliability 


Let us compare the reliability of 
commercial equipment with that of 
military equipment. The main differ- 
ence is that failures of commercial 
equipment usually have no serious 
consequences. Failure of a TV set 
does not mean that the set explodes, 
or that someone gets killed. Failure 
is not more than a nuisance and the 
repair may cost only a few dollars. 
Therefore, a level of component reli- 
ability of 99 per cent may well be, 
and actually is, tolerated. In military 
equipment, such as guided missiles, 
things are profoundly different. Fail- 
ure of any one component—and there 
may be thousands—unavoidably re- 
sults in a total loss of the whole mis- 
sile which may be valued at $100,000, 
or a million, or even more. Therefore, 
we must strive for a level of compo- 
nent reliability such that not more 
than one unit out of a hundred thou- 
sand, or a million units will fail dur- 


ing a firing. In other words, we must 


strive for absolute reliability of all 
components! 

This is a severe challenge to our 
whole industry—hundreds of prime 
contractors, thousands of subcontrac- 
tors, tens of thousands of vendors and 
test laboratories. A huge nationwide 
effort must be made to this end. 

In this effort, engineering colleges 
and universities, too, will have to play 
a very important role. I shall come 
back to this later. 


2. Maintenance Cost—A Yardstick 

of Unreliability 

The economic consequences of un- 
reliability may best be demonstrated 
by the cost of maintenance. 

In the USA, commercial mainte- 
nance has become a 16-billion dollar 
a year business, revealing a stupend- 
ous degree of unreliability of com- 
mercial equipment. And yet, these 
expenditures are dwarfed by the ex- 
penditures for maintaining military 
equipment. A RAND report states: 
“It is costing the Air Force about two 
dollars per year to maintain every dol- 
lar’s worth of airborne electronic 
equipment. Therefore, during the life 
of the equipment, somewhere between 
eight and ten times its original cost is 
being spent in maintenance.” 

In 1959, we will purchase four bil- 
lion dollars worth of military elec- 
tronic equipment. Thus, we will 
spend somewhere between 32 and 40 
billion dollars, just to keep it operable. 


3. Designing for Reliability 


These expenditures are so enormous 
that we must ask ourselves: Would 
it not be more economical to spend 
some portion of this staggering sum 
for designing for a much higher de- 
gree of inherent reliability? But, how 
shall we find the best compromise be- 
tween reliability and reliability ex- 
penditures? 

In the commercial field, the com- 
promise between quality and cost is 
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determined by the mechanism of 
profit-making. In the military field, 
however, the compromise between re- 
liability expenditures and _ reliability 
is determined—or observed—by the 
fact that the failure of a ten-cent com- 
ponent may cause the total loss of a 
million-dollar missile. 

Obviously, components which may 
cause the total loss of very expensive 
equipments, and/or cause the death 
of people, must be made orders of 
magnitude more reliable than com- 
mercial components. This requires 
efforts and funds which are incom- 
parably greater than those needed 
to achieve commercially acceptable 
“quality.” 

Unfortunately, industrial firms are 
hardly in a position to spend that 
much of their capital for extraordinary 
reliability efforts. They may go bank- 
rupt. Therefore, the profit motive can 
not serve as a guide for determining 
how much effort and money must be 
spent for reliability of missile com- 
ponents. 


t. How Much Shall we Spend for 
Reliability? 


By now, it is increasingly appre- 
ciated that reliability programs must 
be initiated, funded, and controlled 
by the contracting agencies. But, 
again, the question arises: How much? 
Shall the agency specify that 5 per 
cent of the total R&D funds be set 
aside for reliability, or 20, or 50 per 
cent? Where is the point of diminish- 
ing return—this time not for the con- 
tractor but for the Armed Forces and 
the taxpayer? 

My colleague, Dr. Erich Pieruschka, 
investigated this problem in a paper 
entitled “Optimum Allocation of Funds 
for Reliability Programs of Guided 
Missiles.” This is the essence of his 
findings: 


The cost of all missiles produced 
may be divided into two parts: “Good 


missiles,” or those that eventually wil] 
hit the target, and “bad missiles,” oy 
those that will not. 

The percentage of good missiles js 
identical with the overall reliability. 

Obviously, it is only the “good” mis 
siles which the military want. The 40 
per cent “bad” missiles had better not 
be produced at all. 

Accordingly, to judge the overall 
economy of a missile program it is 
necessary that the total expenditures 
of a missile program be burdened o1 
the good missiles only. 

It thus becomes evident that th 
economy of a missile program depends 
decisively on the overall reliability 
For example, if all missiles were good 
that is, if the overall reliability were 
100 per cent, the total expenditure pe 
good missile would be at a minimum 
As the overall reliability decreases 
however, more and more money must 
be spent for bad missiles; hence th 
cost per good missile will increase by 
what is called the “Expenditure Fac 
tor’ (¢). This is illustrated in Fig- 
ure 1. 

The lower graph shows the growth 
of overall reliability as a function of 
the reliability funds and efforts. If 
they are scanty, reliability will remain 
poor. 


TOTAL EXPENDITURE FACTOR * 
RELATAD TO "GOOD" MISSILES 


EXPENDITURE FACTOR, $ 





P over ace % 








wee 3 4 5 6 
RELIABILITY EFFORT & FUNDS 


Expenditure factor as a functio! 
of reliability funds. 
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The upper graph shows the trend 
of total expenditures. If reliability 
funds are scanty, the cost per good 
missile will pyramid, possibly two, 
three, five or even 10 times as high as 
would be required if reliability funds 
and efforts were at the optimum. 

\s reliability funds increase, the to- 
tal expenditure factor decreases rap- 
idly and reaches a minimum. Off- 
hand, such a minimum might be in- 
terpreted as a point of diminishing 
return. However, at higher spending 
the curve rises only slowly, thereby 
indicating that one may hardly spend 
too much for reliability, but easily too 
little. 

Let me illustrate this by comparing 
two assumed missile programs (Table 
|). In the first program only one mil- 
lion dollars are allocated for support- 
ing the reliability effort whereas in the 
second, six million. Then the two 
programs compare as follows: 

This comparison indicates that by 
spending an additional five million 
dollars for reliability we may save 120 
million dollars in the whole program! 

At the same time, the overall reli- 
ability may be improved from 40 pe: 
cent to 85 per cent. Instead of 12 
out of 20 missiles, only 3 out of 20 
missiles would probably miss the tar- 
get. Thus, the military value of the 
missile type would be enormously in- 
( reased. 


5. Life and Death Aspect of Reli- 
ability 

Policies of funding for reliability ef- 
forts vary a great deal depending on 
the field of technology involved. 
Wherever human lives are at stake, as 
in buildings, bridges, elevators, cable 
cars, ships and aircraft structures, con- 
tracting agencies demand that exact- 
ing efforts be made to achieve an 
bsolute degree of reliability and, 
without hesitation, they pay heavily 
lor it. In the design of aircraft struc- 
tures, for example, funds traditionally 


rABLE 


Expenditure factor 
Total cost of missile 
program 


Savings: 268 148 


allocated for stress analysis and fail- 
ure testing—which means the same as 
reliability control—amount to 25-35 
per cent of the total funds for research 
and development! 

In the field of electronics, striving 
for an absolute degree of component 
reliability is regarded unnecessary. It 
is further believed that electronic 
equipment may be made reliable later 
by inspection, by checkouts and by 
replacing faulty components from the 
same bin. Therefore, substantial 
spending for component reliability 
programs is considered uneconomical. 

These inadequate reliability con- 
cepts are rooted in tradition. Elec- 
tronics emerged from the radio busi- 
ness, where components are not vital 
because generally no human life is at 
stake. But during the last decade, be- 
cause of the immense complexity of 
military equipment, electronic compo- 
nents, such as tubes, relays, resistors, 
and capacitors, have become just as 
vital as structural components. 
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One would think that this newly solete reliability concepts. Unforty. 
won prominence of electronic equip- nately, this has not yet been the cay 
ment would lead to a revision of ob- Progress is slow, much too slow fo, 
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our ambitious programs. We are still 


spending billions of dollars every year 
trving to maintain equipment which 
is inherently unreliable. 


C. Reliability—A New Subject 
of Education 


Such are the economic consequences 
of unreliability. I wish I had enough 
time to discuss the military conse- 
quences also—they are perhaps even 
more serious. 

Let us now discuss reliability edu- 
cation. 

\lany people still think that failures 
of complex equipment are caused by 
poor materials, faulty components, or 
simply by bad luck, and that all we 
need to achieve reliability are the 
same old, well-established principles 
of quality and inspection, plus some 
extra sweat. 

This, however, is a grave mistake. 
To make very complex military equip- 
ment reliable we must make its com- 
ponents a hundred or a thousand times 
more reliable than their commercial 
counterparts. For this, old estab- 
lished principles are totally inade- 
A new synthesis of scientific 
principles is required, possibly even 
a new science of reliability. You may 
be interested to know that during 1957 
ten reliability symposia were held, 
with an average attendance of 500 sci- 
entists and engineers. During the last 
five years, reliability studies mush- 
roomed from a few dozen to more 
than 2,000. The basic reliability 
course at Redstone Arsenal requires 
30 hours of lectures, and soon will 
have to be doubled to cover the rap- 
idly growing mass of new concepts 
and problems. 

Hundreds of contractors are pres- 
ently trying to set up reliability organ- 
izations of their own. But engineers 
who are genuinely interested in reli- 


quate. 


ability and possess the necessary broad 
professional qualifications are very 
rare. As a result, many industrial 
firms and Government agencies are 
presently unable to staff their newly 
founded reliability organizations with 
well educated reliability engineers. 

Engineering educators can help us 
with our most pressing problem 
which, if not solved quickly and rad- 
ically, may ruin our national economy 
and cost us our freedom. 

Engineering educators can place 
greater emphasis of fundamental en- 
gineering courses in basic statistics 
and probability. They can stress the 
need for establishing generous safety 
factors and safety margins in designs. 
There seem to be too many engineers 
who think of safety factors only in 
connection with structures. 

The final goal might be a graduate 
program leading to a Master’s degree 
in Reliability Control. 

Our experience with courses given 
at the Redstone Arsenal shows that at 
the present stage of the study of reli- 
ability principles a great deal of con- 
fusion prevails. 

To help engineering colleges with 
our experience, we would gladly assist 
them in organizing a curriculum. All 
the educator need do is to write the 
Commanding General of the Army 
Rocket and Guided Missile Agency at 
Redstone Arsenal, Alabama, attention: 


ORDXR-RER. 


Conclusions 


Reliability education of scientists 
and engineers has become one of the 
most pressing issues of our armament 
program. In the interest of our na- 
tional security and economy, the 
Armed Forces appeal to universities 
and colleges to accept the challenge 
of reliability education. 
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AT THE INSTITUTIONAL LEVEL 


Introduction 


Over the past few years there has 
been considerable concern within 
ASEE over the effectiveness of the 
Young Engineering Teachers (YET) 
program. A recurring question seems 
to be—is there a need for a separate 
organization devoted exclusively to 
the young engineering teacher or 
should his youthful endeavor be di- 
rected towards the various profes- 
sional divisions within the society? 
With the recent Ad Hoc Committee 
set up to look into this question, it 
would seem appropriate to realistically 
appraise the progress of the national 
YET Committee (CYET) with spe- 
cial attention to its impact at the in- 
stitutional level. 

In measuring the effect of the YET 
movement on the young engineering 
faculty member one could use several 
criteria. For example, the number of 
local groups in existence since the 
YET program was originally intro- 
duced seven years ago is a good index 
of its acceptance. Latest figures in- 
dicate that there are now 135 institu- 
tional YET groups. The number of 
YET Paper Contest entries over the 
past years might be another index. 
Our best source of information here 
would place this figure at about 30 
papers per year. When one considers 
the busy schedule of the typical YET, 
teaching, working on graduate studies 
and doing research, this figure is not 
at all discouraging. Moreover, the 
general overall qaulity of recent pa- 
pers attests to the success of the con- 
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test. The growth of ASEE itself must 
be considered as another rough inde: 
of the growth of the YET movement 
Since the YETs have been active) 
working on new membership and th 
source of new members to ASEE ix 
primarily composed of the neophyt 
teacher, it is certainly safe to say that 
the increase in society membershi 
of over a thousand new members ove: 
the past year has been due in larg 
part to the influence of institutional 
YET organizations. Moreover, the re- 
sults from the survey below indicat: 
that the local YET groups have bee 
active in soliciting new members t 
ASEE. 

While these figures are indicati\ 
of the effectiveness of YET they i 
not completely describe its impact 0: 
the campus. For although there ma 
be significant YET activity at the An 


level, the real function is to help th 
young engineering teacher develo 
professionally. This requires that 
CYET policies and programs be i 
plemented at the college level. 


The Survey 


Early in 1958 it was decided to not 
only measure local YET activity but 
also to determine what specific kinds 
of activity had been successful in stim- 
ulating interest and participation, s 
that this information could be passe¢ 
on to those local YET chairmen i 
search of ideas. To accomplish this 
the writer, an institutional YET chair- 
man himself, in search for activit 
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italysts, sent out a short, free re- 
sponse questionnaire to 100 engineer- 
ing institutions, through their section 
chairmen, requesting the local YET 
chairmen to describe the type and ex- 
tent of activity they were currently 
engaged in, the relative success of 
each and their primary problem areas. 
The replies from this survey presented 
a picture of the kind and extent of ac- 
tivity at the local level, and this in- 
formation might be of value to those 
interested in the effect of the YET 
movement at the individual institu- 
tion. 

The six questions posed to each lo- 
cal chairman were: 


1. Do you have a regularly sched- 
uled program of activities for the 
YETs at your school (i.e., regular 
events )? 

2. What kind of YET activities have 
you recently engaged in (socials, 
speakers, bull sessions, dinners )? 

3. Which of the above have been 
the most successful? (Briefly indi- 
cate the nature of the activities. ) 

4. Which have been the least suc- 
cessful (and why )? 

5. Do you sponsor or actively sup- 
port various drives or society pro- 
grams (ASEE membership, summer 
employment in industry, other engi- 
neering society programs)? Please 
indicate. 

6. What do you feel is your biggest 
problem as local YET committee 
chairman? 


No attempt to use formal question- 
naire design practices was made since 
the survey was intended primarily as 
an informal information collection de- 
vice. Hence, the questions were gen- 
erally unstructured and called for free 
response. 


Results 


The first important result from the 
survey was the magnitude of response. 
Since there was no way of enforcing 


reply, returns were voluntary actions 
on the part of local YET chairmen 
Of the 100 survey questionaires dis- 
tributed, 51 were returned. A few 
were not transmitted by section chair- 
men either because of personal disbe- 
lief in the idea of YET itself or be- 
cause of lack of information on local 
YET chairmen. Considering the fact 
that the CYET Secretary's records 
were not 100 per cent accurate, a 
reply of over 50 per cent is indeed 
encouraging and far greater than 
typical voluntary surveys would pre- 
dict. 

The highlights of the survey results 
are shown in the table below. Per- 
centage figures are based on the 51 
replies received. Of prime interest 
are the following results: 


1) Only 15.5% indicated that they 
conducted a regularly scheduled pro- 
gram of activity. 

2) 80.5% were reported engaged in 
some activity varying from “informal 
bull sessions” to teaching improve- 
ment seminars. Note “activity” here 
included the support of national YET 
programs such as the membership 
drive, summer employment, and the 
Paper Contest. 

3) Of the activities reported, most 
claimed greatest success with group 
discussions, speakers, and forums and 
least success with programs empha- 
sizing social aspects such as dinners, 
dances, etc. 

4) 43% indicated support of the 
ASEE membership drive. 

5) 39% supported the Summer Em- 
ployment Program. 

6) By far the most serious problem 
facing the local YET chairman was 
finding time to develop and carry out 
stimulating programs. 60% of the 
replies emphasized this point. 


Some of the more frequent types of 
local YET activity reported included: 
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1) Support of ASEE Membership 
Drive 

2) Support of the Paper Contest 

3) Support of Summer Employ- 
ment 

4) Joint programs in ASEE Section 
meetings 

5) Conferences on teaching meth- 
ods 

6) Informal 
“coffee klatches” 

7) Luncheon and dinner meetings 

8) Joint seminars with industry 

9) Formal talks 

10) Special discussions with Deans 
and Department Chairmen 

11) Get acquainted sessions for 
new instructors 

12) Picnics, dances, and other so- 
cials 

13) Joint meetings with high school 
science teachers 

14) Informal seminars with grad- 


“bull 


sessions’ and 


uate students on teaching as a voca- 
tion 


On the less encouraging side there 
is a significant lack of joint activity 
reported with the section ASEE 
groups. This doubtless stems from 
the “laissez faire” attitude taken by 
many ASEE sections towards the YET 
movement and a natural reluctance of 
the YET chairmen to be dependent 
upon the section meeting for activity. 

It should be pointed out that the 
extent of activity and degree of fac- 
ulty participation depends in large 
measure upon the support of the 
Dean at the institution. With this en- 
couragement it is far easier to initiate 
and carry out a program of activities. 
At The Ohio State University for ex- 
ample, the local chairman has been 
particularly fortunate in not only hav- 
ing cooperation from the Dean but 
also his direct support as evidenced 
by frequent informal meetings with 
him and the local YETs. 


Interpretation 

Considering the passive indulgence 
on the part of many engineering ad. 
ministrators to the YET idea, the re. 
sults reported above are encouraging 
for they indicate that the young 
teacher is anxious to find an outlet fo; 
expression—a mechanism for both pro- 
fessional development, and in the cas: 
of larger schools, social intercours, 
with other young teachers. Many |o- 
cal chairmen object to the title “YET” 
for fear that it relegates them to a sec. 
ond class citizenship in the engineer. 
ing society. Others feel that a sep. 
arate group such as YET might be 
considered as a radical “Young Turk’ 
branch of the society by older mem- 
bers. Despite his difficulty in promot. 
ing local activity, the institutional 
chairman is still eager to provide his 
members with a service not otherwise 
available in the Society. The wide 
range of activities attempted shows 
this spirit of adventure—the grasping 
of a stimulant for young teachers. The 
data also show the key role of the lo- 
cal chairman in the promotion of so- 
ciety participation. The fact that one 
school reports a full schedule of ac- 
tivity while one of similar size reports 
no activity suggests that individual 
enthusiasm and effort are the chief 
determiners of the success of the YET 
program in the institution. 

We can only surmise how repre- 
sentative the results of this survey are 
with respect to all the institutional 
groups in the country. Those who 
failed to reply more than likely are 
engaged in less activity than thos 
who did respond. Whether or not 
the survey reached the proper indi- 
vidual is subject to question, since th 
35-year-old ceiling and the fact that 
members are lost upon promotion to 
Associate Professor result in a high 
turnover each year in_ institutional 
chairmen. Moreover, the survey asked 
for current activity. Many chairmen 
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Some Recognized YET activity 
Membership Drive 
Informal type meetings 
Summer Employment Program 
YET Paper Contest 
Joint meetings with ASEE 
Seminars, conferences, etc, 
H - Social Events 
I - Other activities 
J - Regularly scheduled activities 


Source: Replies from 51 institutional 
YET Chairmen, April 1958 
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who reported no activity at all (20% and experience. Admittedly commy. 
of the respondents) may have taken __ nication among the national, sectiona| 
over a YET group that was once and local YET chairmen can be im. 
highly active and had sputtered to a _—_— proved. A newsletter to be initiated 
halt when the key men passed age 35 __ this year may provide the means fo; 
or were promoted. the better exchange of ideas among 
Whatever else can be said about the __ these chairmen. 
extent of local activity, the data are a With the ever increasing need fo, 
striking testimonial to the desirability | more engineering educators, the s 
of some outlet for the young teacher. ciety must do all it can to help e 
It is doubtful that the activity de- Courage the neophyte instructor in S; 
scribed above would have resulted  Ciety participation and his own pe: 
had there not been the YET move- Sonal development. The results abov: 


‘ ; a seem to justify the establishment of 
ment. Whether or not the YET the national YET committee by th 


mechanism is the most efficient way ASEE. The problem ahead lies i 
to bring the young teacher into So- stepping up the participation of th: 
ciety participation may be subject to young teacher—a vital requisite if th: 
question. Just as the local YET chair- Society itself expects to grow and 
man, we can only learn by experiment _ flourish. 





ENGINEERING ECONOMY 
SUMMER CONFERENCE 


The Engineering Economy Division of ASEE and the Engineer- 
ing Economy Research Committee of AIITE are co-sponsoring a two- 
day conference featuring industrial applications of engineering econ- 
omy and related management techniques. The theme of this 
symposium is “Applications of Economic Evaluation in Industry.” 
Topics covered include Capital Budgeting and Project Justification, 
Project Post Audit Analysis, Estimation of Working Capital Require- 
ments, Effects of Taxes on Project Justification, and the Evaluation 
of Uncertainty. Speakers include leading experts in these fields 
from both industry and academic institutions. 

This conference will be held at Carnegie Institute of Technology 
and the University of Pittsburgh, Saturday and Sunday, June 13 and 
14. The registration fee is $25.00 with a special rate of $5.00 for 
academic personnel. Registrations and requests for further program 
details should be sent to Markwick K. Smith, American Telephone 
and Telegraph Co., Room 1104, 195 Broadway, New York 7, New 
York. 
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University of New Hampshire 


G. M. NORDBY 
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[he National Science Foundation 
has existed as an active agency for 
the support of basic research in the 
mathematical, physical, engineering, 
medical, and biological sciences since 
its first Congressional operating fund 
ippropriation in September 1951. 
During these six years the overall 
growth of the Foundation is indicated 
by an increase in total appropriations 
from $225,000 in 1951 to $130,795,000 
for the 1959 fiscal year. 

Support of research in engineering 
by the Foundation is afforded through 
the Engineering Sciences Program of 
the Mathematical, Physical, and Engi- 
neering Sciences Division.* Avail- 
ible funds by fiscal years for research 
grants in the MPE Division and the 
Program for Engineering Sciences are 
shown in Table 1. 

The funds available for the division 
ind the program have increased ap- 
preciably, but are still much less than 
needed for the support of all merito- 
rious proposals received as indicated 
by the tabulation shown in Table 2. 

Since its extremely modest begin- 
nings, the activities of NSF in the sup- 


* The MPE Division also has programs for 


\stronomy, Atmospheric Sciences, Chemis 
Earth Sciences, Mathematical Sciences, 
nd Physics. 


National Science Foundation, 


now Head, Department of Civil Engineering, 


University of Arizona 


TABLE 1 
loraL PuysicaL SCIENCE RESEARCH FUNDS 


AND AMOUNT ALLOCATED TO 
ENGINEERING SCIENCES 


Divis 


1952 | 308 300 
1953 866,550 
1954 1,958,750 
1955 4.314.900 
1956 4,530,875 
1957 8.280.400 
1958 9,411,145 
1959 20,575,000 


41.900 
145.300 
390.900 
724,200 
726,200 
348 350 
491.800 
200.000 


port of engineering sciences research 
have been presented to the profession 
in many ways (1), but the staff of the 
Program for Engineering Sciences still 
finds many misunderstandings prev- 
alent among those to whom it may be 
of service. This discussion is a report 
of progress combined with some fur- 
ther discussion of the philosophy and 
the mechanics of the Program in the 
field of engineering research support. 


Basic Research 


First, it must again be emphasized 
that the Program for Engineering Sci 
ences has not provided general sup- 
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TABLE 2 


ProposaAL RECEIPTS AND GRANTS IN ENGINEERING SCIENCES 























| Proposals Received * Proposals Rated Meritorious Proposals Granted as 

ot | — — - th 

No. Dollar Value No. Doliar Value | No. Dollar Value m 

fninsantinenntee scemntnneronnaniniaatnaninieenith bbieaeanaeies nae Sees 

1952 | 59 $ 1,696,651 Data not available | 3 $ 41,900 oe 

1953 | 96 1,472,703 Data not available 18 145,300 C 

1954 103 1,627,285 66 | $1,093,226 | 42 390,900 S it 

1955 110 1,952,758 91 | 1,645,495 64 724,200 ve 

1956 170 3,874,520 151 3,414,028 55 726,200 f, 
1957 207 5,704,455 151 3,912,686 80** 1,150,500 
1958 307 10,377,918 263 | 9,045,807 79 1,491,800 

| or 

* Proposals are reviewed by recognized workers in the field of the proposed research and are rat th 

on a scale of “Excellent,” “Very Good,” “Good,” “Fair,” and ‘“Poor;” proposals rated ‘‘Good” fe ?P 

better are considered meritorious and worthy of support. nl 

** Or 102 proposals for $1,348,350 including 17 research instrumentation grants and 5 short tim r 

research training grants. 

S) 

port for all of engineering research. performed is often indistinguishable t 

As its title indicates (andinfactaslim- from that performed by basic re- \ 

ited by the legislation which created searchers in the other physical sci- t 

NSF) the Program’s support is limited — ences such as chemistry, mathematics 

to basic research in the engineering or physics. Table 3 is a further tab- i 


sciences. Many definitions of basic 
research in the engineering sciences 
have been proposed, but in essence 
they all agree that work in this area 
is basic research accomplished by in- 
vestigators in the various engineering 
fields but does not include activities 
which are primarily of a developmen- 
tal or applied nature. Basic studies in 
general areas such as electronics, ther- 
modynamics, mechanics of materials, 
etc. are typical of those supported by 
NSF. While these researches are usu- 
ally performed by workers whose des- 
ignation by discipline is that of one 
of the conventional departments of en- 
gineering, the work is not usually lim- 
ited by the boundaries of civil, chem- 
ical, electrical, mechanical or other 
engineering specialty but instead 
moves freely across these disciplines 
both in its origin and contributions to 
the profession. Except for an inher- 
ent orientation derived from the engi- 
neering science researchers’ need for 
more basic information to assist in the 
solution of a problem, the research 


ulation of proposal activity in the pro- 
gram to date, showing the distribu- 
tion of grants by department of origin 
and by engineering sciences category 
(2). 

The specific organization of the En- 
gineering Sciences Program, and, in 
fact, the organization for support of 
research by the Foundation is a sim- 
ple one, and the operation of the Pro- 
gram has as its primary objective the 
support of excellent research in the 
simplest possible way. While a pro- 
gram involving the granting of funds 
cannot be operated without some 
ground rules, it is the firm intention 
of NSF that such “red tape” be held 
to a minimum, and interference with 
the actual research procedures and ac- 
tivities after a grant has been awarded 
is almost non-existent. 


Research Activity 


Early in the Foundation’s history 
it was decided to dispense its research 
funds by the project proposal method 
The proposal is the device by which a 
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scientist or engineer initiates a re- 
search project by proposing a specific 
area of study. It includes such items 
as a brief history of the topic of study, 
the proposed theoretical and experi- 
mental work, a budget, bibliography, 
and the biography of the investigator. 
Consequently, one of the major activ- 
ities of the Program is the appraisal of 
research proposals in the preparation 
for the awarding of grants. 

The submitted research proposal 
goes through a number of administra- 
tive steps in the Foundation but the 
procedures of interest to the proposer 
may be summarized as follows: upon 
receipt in the Program, the proposal 
is examined by the technical staff and 
submitted for review to specialists in 
the particular field of interest under 
what is known as the “reviewer” sys- 
tem. In addition, the proposal may 
be reviewed by the Advisory Panel for 
Engineering Sciences. The reviewers 
are asked to rate the proposal on the 
research qualifications of the appli- 
cant, the character of the research en- 
vironment of the proposer’s institution 
and, most importantly, the merit of 
the research proposal. In the history 
of the program over 800 reviewers 
have contributed their services. After 
the proposal has received an evalua- 
tion by reviewers, it is considered by 
the Foundation staff and, if found 
meritorious, is sent to the National 
Science Board for approval. Then, if 
funds are available, a grant is awarded. 
While processing time may seem long 
to the prospective grantee, the aver- 
age time for grant awards is usually 
six months, and often is as short as 
three months. 

Since basic studies do not lend 
themselves easily to specific time and 
budget arrangements, the NSF does 
not usually write contracts, but in- 
stead awards grants, which except for 
simple financial reports and brief tech- 
nical summaries require little in the 
way of paper work from the investiga- 


685 


tor. In lieu of detailed technical re- 
ports to the Foundation, investigators 
are encouraged to prepare papers for 
the appropriate technical journals so 
that the entire engineering and scien- 
tific community may benefit. To fur- 
ther aid the investigator and his in- 
stitution, equipment purchased with 
grant funds becomes the property of 
the institution and is available for fur- 
ther research activities there. 

In seeking research support, the 
first and most important step is the 
conception of the idea. This should 
be one which the investigator feels 
has a good chance of leading to a 
valuable contribution to new knowl- 
edge, and routine investigations which 
might be better described as “engi- 
neering testing” are not acceptable. 
Every attempt is made to make grants 
for activities which demonstrate an 
intent to make an original contribu- 
tion to basic engineering science and 
not those whose primary purpose is 
the compilation of existing informa- 


TABLE 3 


SUMMARY OF GRANTS AWARDED THROUGH THI 
NSF ENGINEERING SCIENCES PROGRAM 
(a) BY DEPARTMENT OF ORIGIN, 
AND (b) BY ENGINEERING 
SCIENCES DISCIPLINE 


(a) Department of No. of | Years of | Dollar 
Origin Grants | Research Value 

Aeronautical Engi- 5 9 $ 

neering 

Chemical Engineering 115 209 

Civil Engineering 59 102 

Electrical Engineering 48 8&3 

Engineering Mechanics 19 36 

Mechanical Engineering 41 70 

Metallurgy 33 63 

Other 23 45 


78,900 


1,234,400 
693,100 
723,700 
294,600 
550,950 
723,700 
366,500 
Totals 343 617 
(b) Engineering 
Sciences Discipline 


$4,466,450 


No. of | Years of Dollar 

Grants | Research Value 

Mechanics of Solids 40 71 $ 536,400 
Fluid Mechanics 52 | 654,400 
Thermodynamics 27 45 367,900 
Transfer and Rate 1,089,050 

Mechanisms 

Electrical Theory 648,700 
Properties of Materials 865,200 
Other 304,900 


Totals 617 $4,466,450 
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tion or the routinizing of existing pro- 
cedures. 

Although the Program has grown 
and the quality of research proposals 
from engineering science researchers 
has improved, there still exist certain 
major difficulties. The concept of en- 
gineering science and performance of 
basic research by engineers is. still 
relatively new, and there does not 
exist among engineers the strong tra- 
dition of research that appears in cer- 
tain of the other basic sciences such 
as physics, mathematics, or chemistry. 
As a result,.proposals submitted to the 
Engineering Sciences Program must 
usually spell out a proposed proce- 
dure which the investigator feels will 
lead to a solution. The review of all 
proposals is initially accomplished by 
the researchers’ peers in the area of 
work, and it is they who demand such 
information. Engineers are apparently 
loath to accept the past accomplish- 
ments of an investigator as a certain 
promise of future worth and therefore 
insist on this detail. Engineering re- 
search is presently in an extremely 
fluid state; while there is a growing 
trend toward more fundamental re- 
search in engineering sciences, prior 
competence in design or development 
work is not necessarily an indication 
of ability to perform basic research. 
Since the Program attempts to serve 
as the spokesman of the profession in 
selecting its research this must then 
be, in general, the position of NSF. 

However, this demand for detail is 
not without its brighter side. Engi- 
neers also recognize that while a pro- 
posed solution is an indication of 
thought and interest in a problem, the 
proposed procedure may not prove to 
be fruitful as the work progresses. 
Under an NSF grant, a change in the 
orientation of the research may be ac- 
complished at the discretion of the in- 
vestigator where such change appears 
in the best interest of scientific prog- 
ress. Also this interest in the spelling 


out of a problem is advantageous to 
the relatively untried investigator: his 
ideas will be judged on the basis of 
their merit and if found to be sound 
by his colleagues, support is possible 

The Engineering Sciences Program 
staff is aware of the problems and dif. 
ficulties faced by the profession it 
serves and has attempted to be of 
help whenever possible. For example 
when a proposal must be declined. 
the formal Foundation declination let. 
ter is followed by a special letter to 
the principal investigator summarizing 
anonymously the reviewers’ com- 
ments, when useful, or otherwise, ex- 
plaining the declination. In a num- 
ber of cases, this Program assistance 
has resulted in a revised successful 
proposal being prepared. Also, if the 
grant is awarded and pertinent re- 
viewers comments are noted, these 
will be forwarded. The Program’s 
philosophy is always one of assistance 
to the prospective grantee. 


Research Equipment and Facilities 


The Foundation is well aware that 
many institutions are short of the 
equipment and facilities required to 
do a satisfactory job in research in 
many important areas. Further, the 
situation is becoming more critical 
because the increasing need for class- 
room and teaching staff space is 
squeezing research space, staff and 
funds even more. Moreover, the basis 
on which assistance may be given is 
difficult to establish since so many in- 
stitutions and areas are in need of as- 
sistance. The Foundation has usually 
elected, in the light of limited funds, 
to tie support of research equipment 
and facilities closely to an actual re- 
search program. Thus, if an individ: 
ual or group is qualified, a research 
proposal emphasizing the basic study 
to be accomplished may be submitted, 
where such a proposal may include 
major or minor items of equipment 
necessary to perform the research 
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Thus, the question of equipment and 
facilities may be considered, except 
for a limited number of specific cases, 
to be a part of the research support 
activity of the Foundation and pro- 
posals for support in this sense can be 
treated in the usual manner. 
Historically, NSF has taken action 
in certain definite fields to aid in al- 
leviating the need of research equip- 
ment and facilities. The National Ra- 
dio Astronomy Observatory now be- 
ing constructed at Green Bank, West 
Virginia, is probably the best known 
of the facilities supported by NSF. 
This was a research field that had 
been neglected in the United States 
even though the concept of radio 
astronomy was discovered by Karl 
Jansky, an American electrical engi- 
neer. Researchers in England, Hol- 
land, Australia and other countries 
had taken the lead in this area of re- 
search. The observatory should help 
re-establish our leadership in this im- 
This facility is typical 


portant field. 
of those being supported in that it is 
interdisciplinary, creating a labora- 
tory where physicists, astronomers, 
mathematicians and radio engineers 
can work together to investigate prob- 


lems of mutual interest. The facility 
will consist initially of a 140-foot pa- 
raboloid antenna and auxiliary equip- 
ment. 

In a further effort to meet the re- 
search needs of present day nuclear 
research, the Foundation has made 
grants of $500,000 to the Massachu- 
setts Institute of Technology, $300,000 
to Washington State College and 
$150,000 to the University of Virginia 
to aid in the construction of nuclear 
research reactors. The NSF's con- 
tribution was only a part of the sev- 
eral million dollars necessary for con- 
struction. Several groups will do 
research with these reactors; for exam- 
ple, physics and metallurgy depart- 
ments may use the reactor for solid 
state studies, chemistry departments 
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in radio chemical investigations, the 
chemical engineering groups in reac- 
tor development studies. The Foun- 
dation is continuing to study the re- 
search reactor needs for various re- 
gions of the country. Through a 
transfer of funds from the AEC, $2 
million will be available for this ac- 
tivity in the 1959 Fiscal Year. 

Another activity related to facility 
support are the grants to support com- 
putation centers and research in nu- 
merical analysis. The Foundation’s 
computer-support program is designed 
to strengthen basic research in a num- 
ber of fields by providing for research 
investigators access to computing fa- 
cilities. These grants are an aid in 
relieving computer centers of com- 
plete dependence on industrial and 
defense contracts. In granting these 
funds, emphasis has always been 
placed on the obvious interdepend- 
ence of computation and research in 
all the sciences and engineering. In 
view of the importance which com- 
putation centers are playing in the 
engineering sciences in opening up 
new problems and methods of their 
solution, engineers will probably con- 
tinue to be one of the groups obtain- 
ing major benefit from this program. 
In addition, from an educational point 
of view, computer facilities are filling 
an important need in training engi- 
neers at all levels in the formulation 
of scientific problems. 

In making grants in the three fore- 
going areas, the Foundation has rec- 
ognized the increasing complexity of 
problems needing study and the ur- 
gent call for additional apparatus and 
facilities. It is true that construction 
of these facilities is not directly basic 
research, but it may be considered a 
contribution to basic research since, 
without them, the research to follow 
would not be possible. At this time 
there appears to be no alternative but 
that the Federal Government must 
continue to provide at least a portion 
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of the funds for some large-scale facil- 
ities urgently needed for important 
basic research. 

One of the problems which imme- 
diately arises from such large grants, 
however, is the continuing cost of op- 
eration and maintenance which may 
eventually exceed the original invest- 
ment. Continuing Federal support 
threatens an indefinite financial bur- 
den, a first claim against future ap- 
propriations, and a degree of control 
over science which NSF does not seek. 
Consequently, every effort must be 
made to obtain non-Federal contribu- 
tions to the operating funds so that 
Federal support may ultimately be 
minimized. 

During the past years the Program 
for Engineering Sciences has been 
studying the overall equipment and 
facilities requirements of Engineer- 
ing schools. NSF is most anxious to 
identify those areas which require 
unique and special equipment and 


facilities and which are now being 


relatively neglected. In 1957 the 
Foundation invited a number of lead- 
ing engineering educators from vari- 
ous regions to meet and discuss the 
needs of the engineering profession in 
this respect. It was evident from the 
discussion that the need may be over 
$150 million dollars in the next five 
years. This is truly an appalling fig- 
ure when compared with the total ap- 
propriation given to NSF for all its 
activities. These consultants recog- 
nized that the present research grant 
program of NSF is extremely impor- 
tant and that major facilities support, 
however badly needed, should not be 
made at the expense of the research 
grant program. The consultants also 
believed, however, that the Federal 
government has a responsibility to see 
that both facility and research needs 
are met in order to insure the initia- 
tion of necessary research activities 
leading both to the securing of new 
knowledge and the development of 
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a continuing supply of adequately 
trained engineers at the graduate 
level. 

The degree of Federal support is, 
of course, highly debatable, and the 
consultant group felt that support 
must also come from the respective 
state institutions and from industry. 
The bulk of industrial support, how- 
ever, can best be secured for the con- 
tinued operational costs on a project 
basis rather than for initial large cap- 
ital expenditures. The Engineering 
College Research Council of ASEE, 
with NSF support, recently completed 
a detailed survey of these needs 
through a survey of the research po- 
tential of the engineering schools in 
this country under the direction of 
President Eric H. Walker, Pennsy]- 
vania State University (3). The con- 
sensus of this report is that there is a 
large untapped potential for basic re- 
search in the country’s engineering 
schools and strongly increased project 
and equipment support is badly 
needed. 

The publicity received by NSF ac- 
tivity in this field led many institu- 
tions during 1957 to submit proposals 
amounting to almost $30,000,000 for 
the purchase or construction of facil- 
ities. At this time the Foundation has 
no funds for this purpose, but is mak- 
ing use of these proposals in studying 
the research facility needs of the 
schools. 

It was evident from the beginning 
that these facilities requests could be 
broken down into two items: (1) 
buildings to house research activity, 
and (2) equipment. The latter usu- 
ally consisted of collections of items, 
whose value ranged from $500 up to 
$50,000. There is a real need for 
equipment in the $20,000 to $30,000 
class, such as multichannel electronic 
recorders, mass spectrographs, x-ray 
diffraction machines or dynamic load- 
ing devices. Many of these are 
needed desperately to accomplish re- 
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search on the frontiers of knowledge. 
However, in view of the limited funds 
available or likely to become avail- 
able for these purposes, it is evident 
that it is better to furnish such equip- 
ment in connection with research proj- 
ects to assure that the equipment will 
be utilized immediately. As men- 
tioned previously, the Foundation is 
in a position to provide immediate 
limited help in this latter plan of ac- 
tion since the budget of research pro 
posals may contain equipment items. 
The Foundation hopes to look more 
favorably upon such equipment addi- 
tions in connection with research as 
the Program’s budget increases. It 
should be remembered that facilities 
in the million-dollar class may take a 
minimum of two to three years to 
justify, plan, and obtain funds; a 
strong justification and coordinated 
support from the profession is a must 
if success is to be assured. 

Conferences in Support of Science 

Support of conferences and sym- 
posia is a key function of the Founda- 
tion. These meetings provide a forum 
for the exchange of information and 
ideas for those who are active in re- 
search fields. In addition, they fur- 
nish the opportunity for younger 
members of the profession to meet 
ind obtain information and advice 
from some of the world’s foremost 
scientists and engineers. 

The conferences have fallen into 
two categories. First, engineers have 
recognized the value of small confer- 
ences dealing with subjects of limited 
scope where discussions are extensive. 
In this case, the Foundation may 
finance all or part of the activity as a 
sponsor or co-sponsor together with a 
scientific society, educational institu- 
tion or other government agency. An 
xample of such a conference was 
“High Temperature—A Tool for the 
Future” sponsored jointly by NSF, 
Stanford Research Institute, Univer- 


sity of California and other govern- 
ment agencies held in June 1956. This 
conference, typical in its broad im- 
plication, brought together metallur- 
gists, chemists, physicists, and engi- 
neers to discuss mutual problems. 
Members of ASEE are further aware 
of the conferences on “Mathematics 
in Engineering Education” and “Solid 
State Physics in Engineering Educa- 
tion” sponsored jointly with NSF. 

A second type of aid may be given 
to larger scientific meetings. The 
URSI (International Scientific Radio 
Union ) meeting at Boulder, Colorado, 
September, 1957; “World Conference 
on Prestressed Concrete” at the Uni- 
versity of California; and the “Inter- 
national Congress on Irrigation and 
Drainage” in San Francisco in 1958 
were partially supported in this way. 
This support is usually partial support 
of an emergency nature but may in- 
clude travel expenses for foreign 
speakers, simultaneous _ translations 
services, or the publication expenses 
for the proceedings of the meeting. 
Normally the request for support of 
conferences originates with the scien- 
tists or organizations concerned. 


International Travel 
to Scientific Meetings 

Foreign meetings dedicated to basix 
research are supported by making 
travel grants to participants from this 
country, with aid usually consisting 
of round-trip tourist air fare to the 
place of meeting. This activity is an 
important means of promoting the 
communication of scientific ideas, and 
the stimulation of scientific thinking 
is aided by direct personal contact be- 
tween engineers and scientists of dif- 
ferent countries. For example, partial 
support was provided for eighteen 
engineers attending the “IXth Inter- 
national Congress for Applied Me- 
chanics” in Brussels in 1956, and four 
engineers at the “4th Congress of Soil 
Mechanics and Foundation Engineers” 
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in London in 1957 as part of this ac- 
tivity, in addition to a number of other 
engineering scientists who were sup- 
ported in their attendance at special- 
ized meetings during 1957 and 1958. 
This activity has been extremely lim- 
ited because of lack of funds, and 
there is keen competition for the 
grants, but with an increase in avail- 
able funds greater support should be- 
come available. 


The Role of the Profession 


As indicated in the previous mate- 
rial, the Engineering Sciences Pro- 
gram attempts to serve as a spokes- 
man for the engineering profession in 
the realm of engineering sciences re- 
search. In this role it is guided by its 
Advisory Panel which is composed of 
leaders in this area,* and also by the 
individual advice and counsel of all 
members of the profession who share 
the Program’s interest in strengthen- 
ing the research and educational ac- 
tivities in the engineering sciences. 


* Present Members of the Advisory Panel 
for Engineering Sciences are: Dr. Arthur B. 
Bronwell, President, Worcester Polytechnic 
Institute, Worcester, Massachusetts; Dr. Paul 
F, Chenea, Massachusetts Institute of Tech- 
nology, Department of Electrical Engineer- 
ing, Cambridge 39, Massachusetts; Dr. Ed- 
ward E. David, Jr., Bell Telephone Labora- 
tories, Murray Hill, New Jersey; Professor 
Harmer E. Davis, Director, Institute of 
Transportation and Traffic Engineering, Uni- 
versity of California, Berkeley, California; 
Dr. W. R. Marshall, Jr., Associate Dean and 
Director, Engineering Experiment Station, 
University of Wisconsin, Madison 6, Wis- 
consin; Dr. Oscar T. Marzke, Vice President 


The Program welcomes criticisms and 
suggestions and appreciates receiving 
the views of the profession eithe; 
through personal visits or by corre- 
spondence at any time. 

Detailed procedures for the secur- 
ing of NSF grants may be found i) 
the booklet “Grants for Scientific Re. 
search” prepared by the Foundation 
and available from the Program Di- 
rector for Engineering Sciences, Na 
tional Science Foundation, Washing. 
ton 25, D. C. Details of other parts 
of the Foundation’s activities not dis- 
cussed in this article may also be ob- 
tained from this source. 
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AEC ASSISTANCE TO COLLEGES 


More than five million dollars has been distributed since June | 
under the AEC support program for nuclear technology education 


and research. 


Nearly two million dollars was granted to colleges 


and universities for the expansion of facilities to educate nuclear 


scientists and engineers, 


Cornell, Stanford, Iowa State, Worcester 


Polytechnic Institute, Kansas University, and Virginia Polytechnic 
Institute will acquire educational reactors with the assistance of 


these AEC grants. 
3.5 million dollars. 


Physical research grants will amount to almost 





A PETROLEUM INDUSTRY LOOK AT THE 
CHEMICAL ENGINEER’S CURRICULUM 


JOHN W. PACKIE AND CHAS. W. SMITH 


Summary 

Chemical engineering curricula have 
been evaluated for their strongest and 
weakest points on the basis of experi- 
ence of two affiliates of Standard Oil 
Company (N. J.) with recent chem- 
ical engineering graduates. The 
strongest points are (1) the teaching 
of chemical engineering principles and 

2) the development of a sense of pro- 
fessional ethics. Those aspects of the 
curricula in which most improvement 
is desirable include writing, speaking, 
and the development of engineering 
judgment. It is believed that the cur- 
ricula could also be strengthened by 

|) reducing time spent on qualitative 
and quantitative chemistry and engi- 
neering drawing, (2) increasing time 
on statistical theory, (3) providing a 
better understanding of how electronic 
computers can help engineers, (4) in- 
tegrating more fully the teaching of 
physical chemistry with the teaching 
of chemical engineering thermody- 
namics, (5) increasing the number of 
open-book examinations, and (6) in- 
creasing the contacts of teaching staffs 
with challenging industrial problems. 


Limits of This Paper 

This paper, originally prepared as 
part of a September 1956 American 
Chemical Society symposium on chem- 
ical engineering education, is based 
on experience of two affiliates of the 
Standard Oil Company (N. J.). One 
is a large refining and marketing com- 
pany; experience with recent chemical 
engineering graduates in one of its 
large refineries, in one of its central 


Esso Research and Engineering Company 
P.O. Box 175, Linden, New Jersey 


technical coordinating divisions, and 
in part of its sales organization will be 
covered. The other affiliate is a cen- 
tral research and engineering com- 
pany; experience in both laboratory 
and engineering divisions will be 
covered. 

The paper will comment on qualifi- 
cations of only recent graduates. A 
“recent” graduate is arbitrarily de- 
fined as a man who received his B.S. 
degree between 1949 and 1955, in- 
clusive. 


TABLE 1 


How Recent GRADUATI 


Table 1 summarizes the general 
fields in which the group of recent 
graduates is working. 

The men received their B.S. degrees 
from 51 different schools. The larg- 
est number from any given school was 
8. The highest degrees received by 
the men were: B.S.—61 per cent, M.S. 
—33 per cent, Ph.D. or Sc.D.—6 per 
cent. 

It can be seen from Table 1 that 
most of the work done by the men is 
closely related to the technical train- 
ing they received in school. Sales 
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work is an almost insignificant fraction 
of the total. Therefore, the comments 
to be presented are believed to be rep- 
resentative of a large company where 
men work in predominantly technical 
jobs for at least the first few years. 
Under these conditions, emphasis on 
chemical engineering knowledge and 
technical accomplishment highlights 
both proficiencies and deficiencies 
along technical lines. As Gammell 
commented in a recent paper on what 
industry expects of graduates (1), 
many non-technical and administra- 
tive qualifications, although discern- 
ible, would not be as critical in these 
early years. A longer range look at 
the same group of men 15 or 20 years 
from now might lead to different con- 
clusions, particularly for the men who 
will ultimately rise to the top level of 
management. 

To assist in presenting a composite 
evaluation of chemical engineering 
curricula, the men listed in Table 1 
and some of their first and second line 
supervisors were asked to fill out, 
anonymously, questionnaires dealing 
with the curricula. Some of the re- 
sults of this survey are interspersed 
through this paper. 


How Do Engineers Use What They 
Learned from Their Curricula? 


It is interesting to see what the re- 
cent graduates think is required of 
them early in their career. When 


TABLE 2 
How RECENT GRADUATES SPEND 
THEIR TIME 


Percentage 

Type of Work of Time 
Collection and Correlation of Data 26 
Calculations 34 
Writing Reports and Letters 20 
Selling the Results of Their Work 12 
Other (Includes items listed by the 

men, e.g., Literature Review, At- 

tendance at Meetings, Coordina- 

tion, Consulting with Others, and 

Setting up Equipment) 


TABLE 3 
WHat RECENT GRADUATES THINK ABOI 
SOME OF THE SKILLS THEY REQUIRE 


&% of Tot 
Skill Req 


Skill Involved 
Engineering 24 
Logic 23 
Judgment 23 
Mathematics 14 
Effective Speaking 12 
Other (Includes items listed by the 

men, e.g., human relations, 
knowledge of product, enthusi 
asm, and interest) 


asked about the amount of time spent 
in their present jobs on the following 
types of work, the men answered as 
shown in Table 2: 

When asked to estimate the relative 
importance of the following skills in 
their present jobs, the men answered 
as shown in Table 3: 

From Table 2, it will be seen that 
60 per cent of the men’s time is taken 
up by collection and correlation of 
data, followed by calculations on the 
same. A significantly large portion of 
the time (20 per cent) is spent on 
writing—more about this later. 

Each man may have interpreted dif- 
ferently the definitions of the skills 
listed in Table 3, but it appears sig- 
nificant that, early in a man’s career, 
no one skill is considered outstand- 
ingly important relative to several 
others. Equal emphasis was placed 
on engineering, logic and judgment, 
but mathematical ability and effective 
speaking were not far behind. From 
the results on other questions in the 
survey, it is believed that, if effective 
writing had been listed as one of the 
skills to be voted upon, it would have 
ranked about half way between judg- 
ment and mathematical skills. 

The company’s experience supports 
the men’s opinion on the variety of 
skills required, but it should be em- 
phasized that for some jobs the dis- 
tribution would be much different 
than the average shown in Table 3. 
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| Where Are the Recent 
Graduates Strongest? 


In looking for points that could 
stand improvement in chemical engi- 
eering curricula, it is easy to forget 


iates have been soundly prepared for 
industrial work. As in the case of let- 
ters to the editor, the few dissatisfied 

iders are most vocal in their com- 
plaints; the satisfied majority say noth- 


|. Chemical Engineering Principles 


One very important respect in which 
he men are receiving good training, 
ceneral, is the knowledge of chem- 
| engineering calculation principles. 
\ditional knowledge is always help- 
ful in this field, but it is apparent that 
conscientious effort is being made to 
cive the men a sound theoretical back- 
und. This is very important, since 
technology of a given industry 
| be imparted to a man after he 
zoes to work in that industry, whereas 
t is seldom that he can compensate 
for deficiencies in fundamentals, par- 
larly in keen technical competi- 
Any increase in emphasis on 
ndamentals is to be commended. 


2. Professional Ethics 


\nother respect in which the com- 
pany’s experience has been eminently 
itisfactory is the somewhat intang- 
ble, but nevertheless real, area of pro- 
ssional ethics, with regard to both 
the relations between the com- 
and the engineers it has hired, 
(b) the professional relations 

ng the engineers themselves. 
itis always difficult to separate the 
tects of the many factors that influ- 
‘a man’s code of ethics, whether 
professional or personal, but it is cer- 
tainly true that his professional ethics 


teachers from whom he receives his 
t contact with chemical engineer- 


ing. It is to the credit of these teach- 
ers that, almost without exception, the 
company has had no instances of 
breaches in professional ethics. It is 
also to the credit of these teachers that 
their graduates are so willing to help 
their associates, especially the men 
from succeeding classes, in getting off 
to a good start in their first jobs in a 
new field. 


Where Are the Recent 
Graduates Weakest? 


There are two general categories in 
which the men make the poorest 
showing, and in which it should be 
possible to make improvements. These 
categories are: 


(a) Communication, both written 
and oral. 
(b) Judgment. 


In a large company effective com- 
munication is especially important. 
Both the recent graduates and their 
supervisors, in slightly different ways, 
reached similar conclusions with re- 
gard to the need for more emphasis 
on writing and speaking. 

1. Effective Writing 

The supervisors were asked: “In 
what respects (technical or nontech- 
nical) were the men you supervised 
weakest in the last five years?” Up to 
five answers were to be listed in order 
of descending importance. The ques- 
tion was not one of choice among sev- 
eral possible answers; it is, therefore, 
particularly impressive that 45 per 
cent of the supervisors listed letter and 
report writing as the greatest weak- 
ness. It led all other listings by al- 
most a three-fold margin. 

The recent graduates’ opinion on 
this score is not as easy to get at di- 
rectly. However, some conclusions 
can be obtained from their answers to: 


“In what order do you rank the im- 
portance of the following 15 non-tech- 
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nical subjects in a 4-year B.S. Ch.E. 
course?” (Political Science, Manage- 
ment-Labor Relations, Report Writing, 
Social Anthropology, Public Speaking, 
Problems of Transition from School to 
Industry, Psychology, English, Group 
Leadership Problems, Economics, So- 
ciology, Foreign Languages, Personnel 
Administration, Philosophy, and His- 
tory were to be ranked. ) 


English, the foundation stone for good 
writing, and Report Writing were 
ranked in first and third place, respec- 
tively. It is, therefore, reasonable to 
assume that the recent graduates agree 
with their supervisors on the need for 
more effective training in writing. 

How can this be done? There are 
many ways; several will be mentioned 
here. 

First, engineering schools and _ in- 
dustry should emphasize to high 
schools the importance to prospective 
engineers of thorough grounding in 
English grammar. Second, college 
teaching staffs should reiterate to their 
students the need for effective writing 
in both industrial and academic work. 
This point is brought out in several 
places in a recent report of the Com- 
mittee on Evaluation of Engineering 
Education (2). Third, students should 
be encouraged to try writing for their 
college newspaper or engineering 
magazine. 

Fourth, as the A.I.Ch.E. Accrediting 
Committee has stated in its comments 
on undergraduate training (3), stereo- 
typed laboratory reports should be 
avoided. In each course, the student 
should have to think for himself what 
the important results are and how 
they should be presented. He should 
be asked to present his results from 
several different viewpoints during 
each course. On one occasion he 
might be asked to submit only the 
best one-page summary he can write, 


and to append to it a maximum of 
additional page of the most signif 
calculated results in whatever for: 
thinks will be effective. 

On another occasion the repor 
might be a complete one, written { 
a variety of readers. Many other ¢. 
viations from a stereotyped patter 
can be worked out, but none wil] } 
really effective training unless the st 
dent is given competent guidance a 
is graded on the report writing pha 
as well as the technical content. In 
engineering and laboratory cours 
the teachers should stress clarity, 
ciseness, and organization of writt 
material. 

Supplementary report writin: 
courses, if well organized, should a! 
be part of the curriculum. The : 
ber of such courses is increasing: | 
K. A. Kobe’s analysis of 1954-55 ch 
ical engineering curricula (4) sh 
that 40 out of 86 schools now req 
students to take such a course, wh: 
as only 15 of 53 required the ment 
take it in 1948. 

Admittedly, all this training tal 
time and it may seem easier to let t 
English department do the job 
perience with recent graduates | 
to the conclusion that more should | 
done by all departments. 

2. Effective Speaking 

Opinion on the need for more ef 
tive training in oral communication 
not as clear-cut as in the case of wr 
ing. However, it is almost univers 
true, to cite just one example, 
most recent graduates do not kx 
how to organize an effective ten-m 
ute speech on a technical subject 
which they are well versed. 

They overestimate the number 
ideas they can present, with or wit 
out visual aids, in that time. T 
can ramble on for a half hour, bu 
they do not appreciate the importan: 
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f careful planning for a short speech. 
lhe principal shortcoming is inability 
to visualize what the audience knows 

more probably—doesn’t know, and 
what is important to that audience. 
Practice in speech delivery itself, apart 
from the organization of the technical 
content, is also important, as is the 
presentation of informal talks to small 
sroups of associates. 

Oral presentation was third among 
the principal weaknesses listed by the 
supervisors. The recent graduates, in 
inswer to the question printed above 
n ranking of non-technical subjects, 
put Public Speaking a very close sec- 
nd to English. In addition, in answer 
to: “What subjects (technical and 


non-technical) do you now wish you 
had taken, if given a choice, in your 
undergraduate course?”, public speak- 
ing was the graduates’ top non-tech- 
nical choice. Twenty-seven non-tech- 
nical subjects were listed by the men. 
Only three technical subjects were 


mentioned more frequently than pub- 
lic speaking. 

It is recommended that more time 
be spent on effective oral communica- 
tion in all departments, but since en- 
gineers usually pay most attention 
to what their engineering professors 
stress, any campaign for improvement 
must be spear-headed and given full 
support by those professors. 


3. Engineering Judgment 


It may be argued that judgment is 
.cquired only through years of experi- 
ence. In some matters, that is true. 
In others, a man can be expected to 
exercise good judgment early in his 
areer, 

For example, given a mass of facts 
ind figures, which are the significant 
iid which are the extraneous pieces 
of data pertinent to the question that 
has to be answered? Or, in another 
ase, given two hours to get an an- 


swer, how does one go about deciding 
which are the important calculations 
to make and where can reasonable as- 
sumptions be made, at a possible sac- 
rifice in accuracy? Or, again, how can 
time-consuming “blind alleys” in data- 
taking or in calculations be mini- 
mized? 

There is no single answer on how 
to show positive improvement in the 
development of engineering judgment, 
but the recent graduates’ supervisors 
are convinced that it is the second 
most important area in which weak- 
nesses show up. 

One way in which more practice in 
exercising judgment can be obtained 
in the college curriculum is to increase 
the use of open-book examinations. 
More problems that challenge the stu- 
dent’s judgment, and knowledge of 
fundamental principles, rather than 
his memory, are required. Most of 
the recent graduates advocate more 
open-book examinations in all chem- 
ical engineering, many mechanical en- 
gineering, and some chemistry courses. 

The open-book examinations, and 
their counterparts in homework prob- 
lems, should involve one or more of 
the following: (a) choosing significant 
data from among a mass of extraneous 
information, (b) applying logic to 
arrive at an optimum solution from 
among several alternates, (c) decid- 
ing whether a solution is possible 
without more data and, if not, what 
data should be obtained and with 
what accuracy, (d) deciding, for a 
given accuracy of answer, whether de- 
tailed calculations are necessary, be- 
fore carrying them out. 

Contact with industrial operations 
by teaching staffs is particularly help- 
ful in setting up this type of problem: 
there were numerous references, in 
the questionnaire replies, to the im- 
portance of simulating industrial prob- 
lems without deemphasizing the pri- 
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mary objective—the teaching of engi- 
neering fundamentals. 


In What Other Respects Can 
Improvements Be Made 
in the Curricula? 

The Company’s experience leads to 
several other recommendations con- 
cerning additions to, and partial dele- 
tions from, current chemical engineer- 
ing curricula. In some cases, the 
questionnaire replies also brought out 
the same points. 


1. Courses in Statistics 

All the men have received a sound 
training in calculus and, in most cases, 
in differential equations. However, 
few recent graduates have a good 
working knowledge of statistical the- 
ory. The complexity of modern in- 
dustrial processes and the cost of 
carrying out unnecessary tests, either 
in the laboratory or the plant, com- 
bine to present a fertile field for the 
application of statistics. For example, 
given the case of a pair of duplicate 
catalytic cracking units, operating on 
the same feed stock, but with slightly 
different flow patterns in the reactor, 
how many plant tests and what kind 
of plant and laboratory data must be 
obtained to determine, with 95 per 
cent confidence, whether one reactor 
design is giving better process results 
than the other? 

A brief course in statistical theory, 
including some practical applications 
of the theory, would be very desirable. 
One of every five recent graduates, in 
answer to the question about what 
courses they wish they had _ taken, 
mentioned statistics. It was listed 
more than twice as frequently as its 
nearest contenders, i.e., other mathe- 
matics, instrumentation theory, and 
public speaking. Others have also 
cited the growing engineering impor- 
tance of statistics; for example, this 
was one of the comments made by 


Professor Elgin in a recent article jy 
Chemical Engineering Progress (5). 


2. Electronic Computer Informatio; 


High-speed, high-capacity electron 
computers are becoming more impor- 
tant each year as means of relieving 
chemical engineers of repetitive, time. 
consuming calculations. Some exar 
ples of current petroleum industry ap 
plications are plate-to-plate distillatio: 
calculations, economic studies of re 
finery running plans, fractionation tra) 
hydraulics and optimization of cat. 
alytic cracking unit operating condi- 
tions. 

Few of the men coming out of 
school appreciate how these comput- 
ers can help them do a better and 
faster job. It would be desirable t 
acquaint the men with the machines 
their advantages, and their limitations. 
Preferably this should be done by the 
chemical engineering department in 
conjunction with the course in chemical 
engineering principles; the electroni 
workings of the machines need not lx 
covered. 


3. Integration of Teaching of Chem- 
ical Engineering Thermodynan- 
ics with Teaching of Physical 
Chemistry 

There is some feeling that best ad 

vantage is not being taken of oppor- 
tunities to combine the teaching ot 
physical chemistry with chemical en- 
gineering thermodynamics and reac: 
tion kinetics, in both laboratory and 
classroom courses. As emphasis 0! 
the teaching of kinetics increases 
changes are probably in order in th 
physical chemistry laboratory curric- 
ulum. It might be desirable to tn 
combining chemical engineering lab- 
oratory and physical chemistry labora- 
tory courses by designing experiments 
to cover both fields. The emphasis 
should be on the teaching of funda- 
mentals in a coherent pattern. 
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|, Qualitative and Quantitative 
Chemistry Courses 


There is an overwhelming senti- 
ment, among both recent graduates 
and their supervisors, that too much 
time is being spent on qualitative and 
quantitative chemistry, especially in 
the laboratory portion of the courses. 
Roughly one out of every two recent 
graduates said that he had spent too 
much time on either or both of the 
laboratory courses. Only one man out 
of 125 thought he had had insufficient 
quantitative chemistry; none reported 
insufficient qualitative. 

The supervisors’ comments follow 
the same trend. In general, it should 
be possible to reduce laboratory time, 
and possibly classroom time too, by 
stressing only the fundamental con- 
cepts of these branches of chemistry. 
In current industrial practice, much of 
the analytical load is handled by spec- 
troscopic, infra-red, ultra-violet, and 
other modern analytical methods. This 
equipment is operated by technicians, 
just as in the case of high-speed com- 
puters. Few chemical engineers need 
more than the basic concepts of an- 
lytical chemistry and a knowledge of 
how modern analytical tools can help 
solve complex problems. It would 
appear possible to make qualitative 
and quantitative chemistry laboratory 
courses entirely elective. 

A critical examination of the value 
of time spent in inorganic and organic 
chemistry laboratory courses might 
also show that, for chemical engineers, 
reductions would be feasible there. 
Some of the recent graduates and 
their supervisors certainly think so. 


5. Engineering Drawing 


This is another subject on which 
less time could be spent. A chemical 
engineer needs to know how to read 
blueprints and how to prepare engi- 
neering sketches which will commu- 


nicate clearly to others what it is not 
practical to put into words or numbers 
alone. However, it is doubtful that 
he can justify spending time learning 
how to prepare inked tracings. When 
he gets out into industry, he will find 
non-technical draftsmen and _ tracers 
available to prepare the detailed pen- 
cil and ink drawings that will evolve 
from his calculations and engineering 
sketches. 

Chemical engineering departments 
should continue to take a critical look 
at the time spent on engineering draw- 
ing, just as they have in the case of 
such subjects as surveying, which 
has practically disappeared from the 
chemical engineer's curriculum. 


6. Contact with Industrial Problems 


A large majority of the recent grad- 
uates looks back upon its teachers 
with great respect. There were only 
scattered comments concerning inade- 
quate technical qualifications, lack of 
interest in the students, and conflict- 
ing outside consulting interests. How- 
ever, there was a significant number 
of unprompted comments which cu- 
mulatively lead to the conclusion that 
contact by teaching staffs with indus- 
trial problems had, or would have, en- 
hanced the effectiveness of classroom 
teaching. As mentioned earlier, for 
example, some of the graduates com- 
mented on the value of industrial con- 
tacts in providing challenging prob- 
lems for “open-book” examinations. 

The conclusion one draws is that 
consulting work and summer work in 
a variety of industries by professors 
and instructors ultimately lead to bet- 
ter educated graduates. 
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NEW RESEARCH DIVISION 
AT KANSAS STATE 


A section of the engineering experiment station at Kansas State 
College which has been offering research assistance to Kansas 
business and industries since 1946 has been designated as a divi- 
sion. The new division, according to Dean M. A. Durland, who 
heads the School of Engineering and Architecture, will be known 
as the Division of Engineering and Industrial Services. 

Leland Hobson, who is associate director of the engineering 
experiment station, will also be associate director of this division. 

Although designation as a division will not immediately mean 
the addition of staff members or larger quarters, the move is ex- 
pected to provide more effective administration for the services now 
being performed by the College in this area. 





NEW COMPUTER AT DREXEL 


A computing Center at Drexel Institute of Technology was 
dedicated last November. The Computing Center, located in the 
Institute’s main building, houses an IBM 650 electronic digital com- 
puter, in addition to auxiliary equipment, and is under the direction 
of Prof. James B. Maginnis. 

Addition of the computer is a step forward toward the gradual 
development of a large-scale computing center at Drexel. In addi- 
tion to serving as a training center for students and for utilization 
in connection with subject matter now being offered, the facilities 
of the Center will be tied in with increased research activity, under 
the direction of Prof. Emerson W. Conlon. Courses in which the 
IBM 650 will have a significant role are business electronics, intro- 
duction to computers, electronic data processing, programming and 
design, numerical analysis, management science and operations 
research. 

The IBM 650 is the only computer of its kind installed in an 
educational institution in the Delaware Valley area. It is expected 
that when schedules permit other institutions, both educational and 
commercial, will be permitted to apply for time on the machine. 
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Introduction 


Since the advent of Sputnik I, there 
has been considerable discussion of 
the position of the United States in the 
race with Communism for technical 
supremacy, particularly in the area of 
weapons development. Prodded by a 
critical and clamorous press, there has 
resulted increased activity on the part 
of engineers, scientists, and educators 
to recruit candidates for academic 
studies from all potential sources. The 
purpose is to insure that the United 
States has at least as many engineer- 
ing graduates as are reputedly pro- 
duced by the Russian educational 
system. 

\t the same time, a great many of 
the engineering colleges of the nation 
ire engaged in devising means for 
restricting the number of students ad- 
mitted or have adopted a premedi- 
tated policy of failing a sufficiently 
large segment of the entering student 
population as to arrive at the same 
result. 

These apparently contradictory pol- 
icies are in reality complementary ac- 
tions intended to provide an optimum 
of both quality and quantity of engi- 
neering and science graduates with 
the limited staff and educational fa- 
cilities available. 

Regardless of satellites and missiles, 
this objective is worthwhile. The 
standard of living can be maintained 
or increased only if the rate of tech- 
nological progress in obtaining and 


utilizing material and energy re- 
sources exceeds the rate at which the 
more readily available forms of these 
resources are depleted. There is some 
serious question, however, whether 
the methods employed actually pro- 
duce the desired results. Do restric- 
tion of enrollment and high failure 
rates actually produce the optimum 
of both quality and quantity of engi- 
neers and scientists needed to provide 
the necessary rates of technological 
progress? Some data obtained for 
the College of Engineering, Univer- 
sity of California, Los Angeles, while 
too small a sample to draw general 
conclusions, indicate definite limits to 
such procedures. 


Scholarships and Withdrawals, 
Are They Related? 


Before data on attrition and scholar- 
ship are presented, it may be helpful 
to have some general background on 
the students admitted to the College. 

Admission is possible except for a 
few hardship cases only at the fresh- 
man and junior levels. Each appli- 
cant for freshman status must first 
meet minimum admission require- 
ments for the University of California 
(essentially a “B” average in high 
school with a specified distribution of 
subject matter). In addition, his per- 
formance on an engineering aptitude 
examination is scored and weighted 
equally with the high school grade 
point average in pertinent selected 
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subjects. A total score is determined 
which will result in an acceptable ac- 
tual enrollment figure and is used as 
the discriminant for acceptance or 
denial of admission. At the present 
time, approximately seventy per cent 
of those students eligible for Univer- 
sity admission are also eligible for ad- 
mission to Engineering. A_ similar 
procedure is used to determine ad- 
mission at the junior level. Because 
of limitations of staff and facilities, 
only two-thirds of those eligible for 
University admission are eligible for 
admission to upper division standing 
in Engineering at Los Angeles. 

At the present time, slightly more 
than one-half of the students in the 
upper division are junior transfers, 
primarily from California junior col- 
leges. Consequently, attrition data 
are presented separately for lower and 
upper division. 

With these facts concerning enroll- 
ment in mind, the persistence of lower 
division students from entry as fresh- 
men to junior standing is 73 per cent. 
The corresponding figure for persist- 
ence in the upper division is 74 per 
cent from entry to junior standing to 
graduation. These persistence figures 
reflect those students who drop out 
and return but do not indicate those 
students who pursue their education 
elsewhere. A derived figure for over- 
all persistence would be approximately 
54 per cent. 

Thus despite selection procedures 
which eliminate approximately one- 
third of those applicants meeting ad- 
mittedly high general University ad- 
mission requirements, nearly one-half 
of the students admitted as freshmen 
would not complete the degree re- 
quirements. One-fourth of these hope- 
fuls would not complete the upper 
division even though two successful 
years have been completed. 

The selection procedures can be 
justified on a sound statistical basis. 
The relation between the selection 
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score and successful completion of the 
freshman year is high—the multiple 
correlation coefficient between the 
three best tests plus high school grade 
point average and freshman year 
grade point average is .56. The fresh- 
man students in the range above min- 
imum are found to have a probability 
in excess of 0.8 of completing the first 
semester of work with better than a 
“C” average. 

It is difficult to obtain the correct 
reason for the withdrawal of a stu- 
dent. Statements on requests for 
withdrawal during the semester usu- 
ally cite financial or personal reasons 
(including prolonged illness). Hovw- 
ever, the number of financial problems 
correlates highly with midterm grades 
and the proximity of final examina- 
tions. Of those students who leave 
by the close of any one semester 
(some of whom may return) approx- 
imately one-half withdraw subject to 
dismissal for deficient scholarship. 
The remaining fifty per cent withdraw 
for various reasons including change 
of major field, financial and personal, 
change of institution and military 
service, approximately in that order. 

At this point, it would appear that 
the initial selection criterion had done 
a valid job and that the iron law of 
grade points was completing the proc- 
ess in good order, leaving only the 
best qualified students to graduate. 
Utopia in selection is achieved and 
our conscience would be at rest but 
for certain disconcerting facts. 

Approximately one-half to two- 
thirds of those who withdraw subject 
to dismissal leave voluntarily. The 
remaining one-third to one-half are 
asked by the Dean to discontinue. 
However, about twenty-five per cent 
of the total eventually gain a chance 
at readmission. The persistence of 
these reentries is for all intents and 
purposes identical with the persist: 
ence of the original admittees. One 
might stretch a point and conclude 
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that these students who were sep- 
arated for deficient scholarship were 
a random sample of the original pop- 
ulation, separated because of subse- 
quent rather than consequent events. 

There are further data which sup- 
port this conclusion. At the close of 
any one semester, approximately 
twenty per cent of the undergraduate 
students in the College of Engineer- 
ing are subject to dismissal for schol- 
arship. Approximately three-quarters 
of these students are allowed to con- 
tinue in the subsequent semester. Of 
those continued, sixty-four per cent 
eliminate their deficient scholarship 
status during that semester, eighty 
per cent are clear in two semesters. 
In spite of the handicap of a poor 
start, many of these students achieve 
a final overall grade point average in 
excess of “B”, 

For those inclined to attribute this 
amazing performance to the excellent 
judgment of the officer ruling on 
scholarship matters, there is yet an- 
other factor to confound the accepted 
principle that poor mental aptitude 
and ability are measured by poor 
scholastic performance. 

Approximately eighty per cent of 
the students subject to dismissal are 
required to undergo a series of tests 
at the Student Counseling Center in- 
cluding the American Council on 
Education Psychological Examination, 
the Stanford Scientific Aptitude test, 
the Cooperative Reading Comprehen- 
sion test, the Watson-Glaser Critical 
Thinking test, the Strong Vocational 
Interest test, the Allport Study of 
Values test, and such others considered 
useful by the counselor in determin- 
ing the basis for poor performance. 
Less than seven per cent of these stu- 
dents with inferior scholastic records 
rank below the fiftieth percentile 

UCLA, Letters and Science norms) 
on the quantitative ability scale of 
the American Council on Education 
Psychological Examination. A major- 


SCHOLASTIC FAILURES AND SUPERIOR STUDENTS 701 


ity of those tested rank above the 
eightieth percentile. Better than 
twenty per cent of these students 
would be classified as “mentally 
gifted.” Compared with the distribu- 
tion of scores among entering fresh- 
men in the College of Engineering, 
these students are substantially supe- 
rior. The proportion of scholarship 
deficient students in the highest decile 
is nearly twice that of the average 
freshman engineering student popula- 
tion with correspondingly fewer num- 
bers in the lower deciles. 


The Challenge 


The data presented strongly sup- 
port a conclusion that of each year’s 
freshman class, the large percentage 
who withdraw do not do so for lack 
of basic intellectual ability. Further, 
within this group are many potentially 
superior students some of whom, be- 
cause of the prevailing prejudice 
against admission of students who 
have failed elsewhere, will never re- 
ceive a college education. The chal- 
lenge before us is the identification of 
these students and the resolution of 
those obstacles which have frustrated 
development of their full capabilities. 

These obstacles are numerous and 
difficult to diagnose. If they have one 
characteristic in common, it is their 
variability and their unpredictability. 
For example, a lack of interest in the 
subject matter of a course can lead to 
a failing grade. For some students, 
the disinterest is generated by the in- 
structor. For others, it may be gener- 
ated by a general dissatisfaction with 
“the system.” It may be a void left 
by enthusiastic attention to other mat- 
ters. It may be transient or it may be 
permanent. It may result from rebel- 
lion against “busy work” or on the 
other hand against too much theory 
and not enough routine practice. Two 
persons in the same classroom may be 
disinterested for opposing reasons. 
The same statements can be made for 
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most of the other symptoms of the 
obstacles to be surmounted. 
Fifty-four per cent of a selected 
group of applicants are able to suc- 
cessfully run a four year obstacle 
course. Can modern mass education 
in engineering expect to do more? 
What is the primary weakness of our 
engineering colleges which prevents 
a better record, seemingly in spite of 
all attempts to weed out those unfitted 
for the discipline of rigorous study? 
It must be acknowledged that there 
are many forces at work which are 
beyond the control of the University. 
We must take students as they come 
to us from high school. However, be- 
fore we begin telling the high school 
what is wrong with its operation, we 
had best look at ourselves. What 
have we done to stimulate individual 
effort by superior students on a broad 
scale? 
Engineering 


education is quite 


stereotyped in its methods of instruc- 


tion. The tried and true formula is 
lecture, problems, reports, quiz, and 
laboratory, with almost identical treat- 
ment in each course and in each sub- 
ject. It would appear that we are 
asking too much to expect all the su- 
perior students to respond to this pro- 
duction line system with its go-no go 
criterion for advancement to the next 
course. 

Curricula are rigid in their state- 
ments of requirements and are often 
as rigidly enforced. As _ professors, 
we are certain we know what course 
each kind of engineering student 
needs and we intend to see that each 
and every one of them gets it, even if 
it kills him. We also believe we know 
exactly how those courses should be 
presented for the most efficient ab- 
sorption of knowledge. 

It is true that some schools, includ- 
ing the University of California, pro- 
vide for completing course require- 
ments by examination. The provision 
is usually hedged with more than 


enough red tape to discourage all but 
the most aggressive students. Th, 
final clincher usually is the require. 
ment that the student find a professo; 
willing to do the job (a labor of love 
It would appear that the greatest 
weakness of our engineering educa. 
tion production lines is their virtual 
inflexibility. The psychologists tell 
us there are many ways to learn. Sty. 
dents come to us with a broad spec- 
trum of learning methods. We re. 
quire them to learn in a monochro- 
matic beam of instruction general): 
aimed at the mediocrity of the mean 
Why should we marvel then that 
sizable proportion of the students sub- 
ject to dismissal for scholarship might 
be classed as superior students on tl 
basis of their intellectual promise? 


Ground Rules 


It is not the purpose to this paper 
to solve the problems. It is rather t 
point out that there is considerab! 
evidence that the problem does exist 
although well masked by our tim 
honored presumption that non-per- 
formers are incapable of performing 
However, certain ground rules might 
be suggested as the minimum requir 
ments for any program intended t 
serve the superior students. 


1. The instructional program must 
cease to be monochromatic. Depend 
ing upon the economics of the proc- 
ess, a series of possibilities must ! 
available based on the learning proc- 
esses of superior students, which wi! 
permit a student to learn by the pr 
cedures most efficient for him. T! 
administrative structures must be suc! 
that a student may move from 
such process to another as may b 
desirable easily and without penalt 
It may be noted that accelerat 
“honor” sections virtually rule out th 
possibility of a student transferring t 
the section. They merely accentuat 
the gap between the superior stud 
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who are performing and those who 
are not. While possibly desirable in 
themselves, they do little to increase 
the percentage of the superior stu- 
dents who will finally graduate with a 
good educational background. 

2. There must be adequate testing 
and counseling service with which to 
advise (not coerce) students regard- 
ing the instructional method to be 
utilized. It must be remembered that 
diagnostic tools may be inaccurate. 
Where necessary, instruction in how 
to learn by the different processes 
should be provided on a voluntary 
basis. 

3. There must be a minimum of 
“red tape” and a maximum of flexibil- 
ity. There must be no indication that 
any procedure is exceptional, frowned 
upon, or is otherwise to be discour- 
aged. All possibilities must naturally 
present themselves to the student. 
The only final restraint should be the 


requirement of performance at some 


minimum standard. In short, we 
should give the student some of the 
academic freedom we cherish, while 
recognizing the difference between 
freedom and license. 

4. There must be adequate means 
of maintaining uniform standards of 
achievement for all students. Abso- 
lute academic standards are rather 
elusive quantities. Most instructors 
probably determine their own on the 
basis of a “normal” distribution modi- 
fied by experience over several semes- 
ters and a knowledge of the degree of 
selection exercised before the student 
takes the course. It would appear 
that a program which segregated stu- 
dents physically, by instructors, might 
increase the probability that absolute 
standards at all grading levels could 
not be maintained. Perhaps this is 
not of any great importance so long as 
minimum acceptable standards are en- 
forced on an absolute basis. How- 
ever, it must be remembered that 


grades are used by the University for 
advising, for award of honors and 
highest honors, for admission to grad- 
uate study, and for removing scholar- 
ship deficiencies. We will also wish 
to use them in future statistical stud- 
ies for predicting success of applicants 
for many years to come. While ab- 
solute academic standards may not be 
possible, the effect of a program for 
superior students on the standards of 
grading should be minimized. 

5. The program must be econom- 
ically feasible from the point of view 
of staff and facilities that can be made 
available. 

6. The sixth requirement might 
well be the first (though none are 
listed in order of importance). There 
must be wholehearted faculty accept- 
ance of the program and the addi- 
tional obligations which will be in- 
curred. These obligations are not en- 
tirely without recompense. Most of 
us have enjoyed our contacts with ob- 
viously superior students, limited 
though they may have been. Even 
so, the work load per staff member 
may be expected to increase, at least 
until such time as the additional 
duties can be evaluated, accepted by 
higher administration, and properly 
budgeted. The individual responsi- 
bility of the staff member, however, 
cannot be budgeted away. In accept- 
ing a special program for superior stu- 
dents, the faculty accepts a responsi- 
bility toward the student which is 
greater than that being discharged 
today. 


There are no doubt additional re- 
quirements, and listing specifications 
is not a design. The design of pro- 
grams will require considerable study 
and research on the part of each col- 
lege of engineering. From the indica- 
tions noted, the study would appear 
to be of utmost importance. 
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Some engineering educators have 
expressed concern about the number 
of drop-outs in engineering among 
freshmen of high ability. Therefore, 
I shall discuss drop-out rates briefly, 
then our experience at Newark Col- 
lege of Engineering with an experi- 
mental section of mathematically 
gifted freshmen. 


Drop-out Rates 


Five or six years ago I became in- 
terested in finding out more about 
drop-out rates in engineering because 
of complaints, largely from secondary 
school people, about the high drop- 
out rates in engineering schools. 
About that same time the Advisory 
Board of the U. S. Coast Guard 
Academy became interested in drop- 
out rates at their Academy as com- 
pared to engineering schools generally. 
Dr. Joseph W. Barker, then Chairman 
of the Advisory Committee, and the 
committee members were able to ob- 
tain funds for a study of hold-back 
and withdrawal rates in engineering 
schools, a study which I was privi- 
leged to supervise. 

One interesting outcome of this 
1953 study as compared with that of 
an earlier U. S. Office of Education 
study was that: engineering drop-out 
rates generally were no higher than 
those in other courses of study, such 
as business administration and _lib- 
eral arts. More than one-half (i.e. 
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Recommended by the Educa- 


56 per cent) of the 13,474 male non- 
veteran regular engineering freshmen 
studied at 101 engineering colleges 
which were representative of all in the 
U. S., had withdrawn or been dropped 
by the end of four academic years. 
Of these entering freshmen, 15.2 per 
cent had dropped out through the end 
of the first semester and a total of 32 
per cent had dropped out through the 
end of the first year. Thus, nearly | 
in 3 regular September 1948 entering 
freshmen dropped out by the end of 
their first year. 

According to unofficial information 
from another urban college of engi- 
neering, among the freshmen admitted 
one year were 100 men who had not 
only made good grades in high school 
mathematics and science courses but 
who were selected for evidence of 
leadership qualities as well. The re- 
port was that because they felt the 
engineering course of study was too 
difficult, nearly every one of these 100 
men transferred out of engineering by 
the end of the first year. 

Although no carefully collected sta- 
tistics are at hand to support the fol- 
lowing figures, about five years ago a 
rough check made at two institutions 
600 miles apart indicated that even 
with the most promising students (top 
fifth to tenth on a mathematics test 
18 to 20 per cent dropped out by the 
end of the first year of a regular pro- 
gram. Personal reasons were men- 
tioned as the principal causes. 
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MATHEMATICALLY GIFTED FRESHMEN 


The Program at Newark 


Let us now consider the experi- 
mental program begun last fall for a 
mathematically-gifted group of 20 day 
students (one section ) at Newark Col- 
lege of Engineering. Since, in the fall 
of 1957, day freshmen at Newark Col- 
lege of Engineering numbered slightly 
over 400, this group is intended to be 
roughly the top 5 per cent of the 
freshman class. 

The experimental program was es- 
tablished after careful study over a 
period of several months by a com- 
mittee of the faculty. President 
Robert W. Van Houten of Newark 
College of Engineering and members 
of the Executive Committee requested 
a careful study of the problem of 
establishing the program for superior 
students, because they felt that con- 
siderable preliminary study was e: 
sential. In their thinking, the proble a 
was divided into two areas: (1) ‘ue 
identification of the superior stuc -nts 
and (2) the creation of an accele’ated 
or broadened junior division (firs two 
years) program, particularly i the 
sciences. The program was to }2 en- 
tered voluntarily by the students. who 
could withdraw to one of the re sular 
sections if they found the load o ‘he 
experimental section too severe. 

The committee discussions led to 
a decision that a broader or enrichy 
program rather than an acceleratec. 
program would be planned for the 
experimental group. The committee, 
composed of the heads of the depart- 
ments of Physics, of Chemistry, and 
of Mathematics and with a representa- 
tive each from the English Depart- 
ment and the Counseling Center, 
strongly recommended that the teach- 
ers for the group be carefully selected 
and be given an opportunity to meet 
on oceasion to discuss the progress 
and arrange possible integration or 
cooperation among their departments. 

The Counseling Center member of 


the committee worked with the Direc- 
tor of Admissions in the selection of 
those students to be invited to par- 
ticipate in the program. The com- 
mittee felt that the group should be 
selected first on the basis of mathe- 
matical background as evidenced by 
the College Board Scholastic Aptitude 
Test (SAT) mathematical score with 
due regard to an adequately high 
College Board (SAT) verbal score 
and good scholastic performance in 
high school. 

The sroup chosen, with the excep- 
tion © one young lady who had dem- 
onstrated unusual mathematical pow- 
ers at her high school, scored 658 to 
8) on the SAT mathematics test with 
«a average of 705. The range of SAT 
verbal scores was 488 to 739 with a 
mean of 610. With one exception 
the members of the special section 
were in the top third of their high 
school class with 13 of the 20 stand- 
ing in the top fifth of their high school 
graduating classes. A meeting was 
held about one week prior to the 
opening of college. At this meeting 
the chairman and members of the 
committee explained the purpose of 
the program to the prospective fresh- 
man participants and their parents, 
with emphasis on their acceptance 
voluntarily for enrollment in this pro- 
gram, if they wished. All accepted. 

The program has now completed 
one year of operation, during which 
ume one young man dropped out 
after a few days of school, saying that 
he did not wish to work as hard as 
he would be expected to, and another 
withdrew before the end of the first 
semester because of some family per- 
sonality clashes. At the start of the 
second semester, two replacement stu- 
dents, among five who were given the 
opportunity to enter the experimental 
program, were added from regular 
sections. The three who declined to 
enter the experimental program stated 
that they liked the students in their 
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sections and did not want to change 
to a different section. 


Results 


The committee which initially stud- 
ied and planned for the experimental 
program was continued as a commit- 
tee to supervise the conduct of the 
program. Both the planning and the 
supervisory phases of the program 
have been fascinating experiences for 
the members of the committee. The 
mathematics, physics, and chemistry 
instructors, all of whom were unusu- 
ally able persons, found the members 
of the experimental section an ex- 
tremely able and interesting group 
with which to work. 

There were several persons handling 
instruction in English—one composi- 
tion, another literature, and another 
speech—all of which are presented as 
phases of the regular freshman course. 
The English staff found one of the 
members of the class to be such a com- 
petent writer that she was excused from 
the second semester's work and given 
the opportunity to take a philosophy 
course in its stead. It is reported that 
the members of the group covered a 
far broader range of composition tasks 
than is customary in the regular fresh- 
man English section. The group were 
characterized as readers rather than 
as talkers, as one might reasonably 
expect. 

Since the group was relatively un- 
selected on spatial visualizing ability, 
it was found by the drawing depart- 
ment to be little different from the 
regular sections in that area. 

Apparently, one of the most worth- 
while and interesting findings in con- 
nection with the group was the de- 
gree to which these gifted young peo- 
ple stimulated each other’s thinking. 
It is clear, too, from questionnaire re- 
plies, that this group appreciated the 
opportunity to use challenging text 
book materials and to have certain of 
the better teachers assigned to them. 


Perhaps because they had had y 
real exposure to the fascinating pos 
sibilities implicit of the concepts 0 
college physics and because of thy 
fine teacher they had, they found this 
work extraordinarily interesting and 
challenging. 

Of next greatest interest was th 
work in mathematics. Here they coy. 
ered some philosophical material , 
lated to the role of mathematics jj 
science and engineering, the usual 
thorough review of algebra, trigonom 
etry and logarithms, and the usual 
new work in analytic geometry. In 
addition, they covered some concepts 
of probability, statistics and calculus 
Throughout their work in mathemat 
ics they showed superior insight and 
ability to analyze problems. It is in- 
teresting that they felt that none o! 
the review work should have bee 
omitted. 

The group were given the opportu- 
nity by their chemistry recitation and 
laboratory instructor to do a numbe: 
of experiments in chemistry of a sort 
they would ordinarily not meet i: 
their freshman year, and they greatl 
appreciated this. 

The group made a variety of sug: 
gestions on completed questionnaires 
dealing with their experiences. Thes 
suggestions have opened up a num- 
ber of areas of importance for discus- 
sion by the Committee. 

The plan has worked out so satis- 
factorily in this first year that a simila 
freshman section will be chosen, b 
ginning in September 1958, and thi 
first section will now be even mor 
carefully studied during their soph- 
omore year. It is expected that both 
the department heads in physics and 
mathematics will teach these soph- 
omores in their fields. Discussions re- 
garding suggestions for providing fur- 
ther opportunities for challenge and 
growth in this group in their proies- 
sional departments during the junior 
and senior year are proceeding. 
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Besides the well documented need 
for more and better engineering and 
science training in America (which 
will always be the case since we never 
achieve perfection ), and all the phil- 
osophic pleadings for more “science,” 
on the one hand, and more “human- 
ities,” on the other, there remains the 
very real and practical problem of 
turning out more and better scientists 
for the jobs they can do best and more 
and better engineers for the jobs they 
can do best. There really seems little 
doubt that scientists would be better 
scientists and engineers would be bet- 
ter engineers (and the world would be 
better off than either) if, somehow, 
the respect and appreciation of each 
for the field of the other could be en- 
hanced. This schism is very obvious 
in the current deliberations over an 
ideal curriculum for a new type grad- 
uate of our colleges and universities— 
the so-called materials engineer or the 
materials scientist. Those who are 
predominantly science oriented plead 
for nore chemistry, physics, and math- 
ematics and for a sophisticated course 
polarized around solid state science 
which they envision as a two-term se- 
quence at the junior or senior level; 
those who are engineering minded be- 
lieve, with ECPD, that introductory 
courses on materials for engineers 
should be taught on the same intellec- 
tual level as such engineering sciences 
as thermodynamics and fluid mechan- 
ics, but would not sacrifice the ele- 


ments of professional development fo1 
more science. Also, in general, the 
engineering minded group feel quite 
strongly that a laboratory is an essen- 
tial feature of any materials course, 
while others would reduce emphasis 
on laboratory time to a minimum, or 
even to none. In essence the engi- 
neering oriented individual fully ap- 
preciates the dependence of his pro- 
fession on science but realizes, in the 
words of Dr. Stratton, of M.I.T., engi- 
neering “is not, and never will be sci- 
ence.” It would be possible to ac- 
commodate both points of view with 
a freshman course in elementary mate- 
rials engineering and a senior course 
in science of materials. This alterna- 
tive would help provide focus and 
motivation of interest in engineering 
materials early in a student’s career 
and would re-emphasize the impor- 
tance of materials again on a very ad- 
vanced level; but this sequence would 
be costly in time and money and (in 
our already crowded curricula, at least 
in most colleges) the problem will 
probably be rationalized for the next 
few years as a choice of one or the 
other, or of some suitable compromise. 
At any rate, this brings us to the job 
at hand—discussion of a materials en- 
gineering course of engineering sci- 
ence calibre. 

The importance of at least one in- 
troductory course on materials in the 
undergraduate engineering curriculum 
needs no special pleading before 
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ECPD members; but how to rational- 
ize two schools of thought—that of the 
solid state scientist and that of the 
materials engineer—is a difficult mat- 
ter. A little more living together of 
these two schools with the problem, 
or the advice of theoretical physicists 
who have really tried to teach under- 
graduate courses on the subject, per- 
haps eventually will convince both 
groups that it might be better to set 
our sights on an introductory course 
on solid state science rather than what 
modern solid state physics courses 
really are or what the materials engi- 
neering courses of the past rarely have 
been. We also agree with ECPD that 
such a course or courses should relate 
properties to the particle and aggre- 
gate structure of matter. Such a pres- 
entation should include the use of 
problems and situations of an engi- 
neering nature and ideally a labora- 
tory. Is not this what all of us really 
want regardless of the school or fac- 
tion to which we belong? 

Since a picture is worth a thousand 
words, let us look at Table I which 
outlines a possible first course in ma- 
terials science for all engineers that 
has just been evolved by a group of 
chemists, physicists, aeronautical, civil, 
chemical, marine, mechanical and elec- 
trical engineering educators from vari- 
ous schools throughout America who 
worked together for a month this sum- 
mer at M.I.T. under the chairmanship 
of Professor Morris Cohen. The out- 
line indicates where the division could 
be made if the course would be the rec- 
ommended two-term sequence. Most 
of those present in the above materials 
study group were of the opinion that 
the course could be taught in the jun- 
ior or senior year and its degree of 
sophistication would depend, in large 
measure, on the amount of thermody- 
namics, mechanics, electrodynamics 
and atomic structure, to which the 
student had been exposed before he 
took the course outlined. This would, 
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TABLE I 
OUTLINE OF A Two-TERM JUNIOR-SENI0) 
CouRSE IN MATERIALS 
Proposed by the Materials Study 
Committee at M.LT. 
Chairman, Professor Morris Cohen 


Lecture 
Hours 


First Term 


Topic 


10 Atomic Structure, Arrangement 
and Bonding 
Phase Equilibrium and Its 
Phermodynamic Basis) 
Structural Imperfections: 
Vacancies and Interstitials 
Structural Imperfections: 
Dislocations 
Surfaces 
Rate Processes (Diffusion and 
Phase Transformations) 
5 Chemical Behavior 


Total 40 


Second Term 
16 Mechanical Behavior 
8 Dielectric Behavior 
8 Magnetic Behavior 
8 Charge Transport 


Total 40 


naturally, set the pace of the course 
at whatever level it might be given. 
The impact and value of such a course 
would depend heavily on the back- 
ground and ability of the man (and 
his assistants) giving it; and, sad 
though it is, there are few men avail- 
able who want to teach that have the 
happy combination of scientific and 
engineering sophistication to make 
such a course successful. 

There is still another difficult hurdle 
which is as important practically as it 
is politically. Few engineering de- 
partments in the United States care 
(or have room) in their curricula tor 


-a two-term materials science course 0! 


so catholic a nature as indicated in 
the above outline. More of them will 
tolerate a one-term general offering 
for which the outline could still serve; 
this to be followed with one or more 
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secular single term courses taught ac- 
cording to the desires of each depart- 
ment; for example, most Mechanical 
Engineering departments throughout 
{merica might prefer to spend the 
second term chiefly on mechanical be- 
havior; Electrical Engineering depart- 
ments would probably like a whole 
extra term on electric and magnetic 
materials. The present great empha- 
sis on the importance of a materials 
course of some kind will surely have 
the effect of promoting a materials 
specialist on the staff of university en- 
gineering departments, when, and as, 
they become available. 

With the above as an introduction, 
let us examine a few case histories 
which indicate that the ideas discussed 
thus far are already being put into 
practice in some engineering schools. 


At the University of Michigan 


Before the ECPD recommendation 
that introductory courses on materials 

r engineers should be taught on the 
same intellectual level as such engi- 
neering sciences as thermodynamics 
ind fluid mechanics, the engineering 
faculty at the University of Michigan 
lecided to introduce a single term 
ourse in engineering materials in the 
second term of the freshman year as 
. required course for all prospective 
engineers. The teaching of this course 
was entrusted to the Department of 
Chemical and Metallurgical Engineer- 
ing. Professor L. H. van Vlack, who 
s in charge of the course (2 lectures 
nd 2 recitations per week), has pri- 
vately published a syllabus of the 27 
lectures he gives plus homework prob- 
lems. To cover the course, we have 
mple reason to believe that the in- 
tellectual depth of the van Vlack treat- 
ment is equivalent to the mathematics 


} 
; 


ind chemistry the students are taking 
simultaneously. The lectures include 
ll of the topics contained in the out- 

- of Table I but, of course, on the 
treshman level. 


Professor Sinnott, also of the Chem- 
ical and Metallurgical Engineering 
Department at the University of Mich- 
igan, has been giving a one-term 
course to first-term juniors in Chem- 
ical and Metallurgical Engineering 
which, in the main, also follows the 
outline of the M.I.T. Materials Study 
Group. His recent book, Solid State 
for Engineers, indicates the high level 
at which such a course can be given 
to juniors. We must point out that 
some of the thermodynamic treatment 
would be above the heads of his stu- 
dents were it not for the fact that they 
are being exposed at the same time to 
a course in chemical thermodynamics 
and another in physical chemistry. 
Next year future chemical and metal- 
lurgical engineers at Michigan will not 
be required to take van Vlack’s fresh- 
man offering, but only Sinnott’s as an 
introductory course. 

All chapters of Sinnott’s book, he 
has informed us, cannot be covered in 
a single term. The book is, however, 
arranged in such manner that deletion 
or addition is convenient. It is of in- 
terest here to note that Professor C. 
Wert of the Metallurgy Department 
of the University of Illinois intends to 
use Sinnott’s book as a reference text 
for first term electrical engineering 
juniors in an introductory materials 
science course. Wert’s course also fol- 
lows, in the main, our previous outline 
of the two-term course, but cuts most 
topics short enough to spend one-third 
of his single term entirely on electrical 
and magnetic behavior. 


At the University of California, 
Berkeley 


Here, intellectual foresight as well 
as the appearance of the state-sup- 
ported junior college had led to the 
establishment of a common two-year 
curriculum for all prospective engi- 
neers. This includes for all such stu- 
dents a first-term sophomore course in 
engineering materials. Although van 
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Vlack’s syllabus is used as a text, we 
have learned that the lectures given 
include more basic science than cov- 
ered by van Vlack but less than Sin- 
nott gives his juniors. Professor Dorn 
of the Department of Metallurgy gives 
this course at Berkeley. He has for- 
tunately added a weekly laboratory 
period which lends a sense of reality 
to the study of materials which we 
find lacking in the van Vlack, Sinnott 
and Wert courses. All these men rec- 
ognize and attempt to make up for the 
lack of a laboratory by offering lecture 
demonstrations. 


At M.L.T. 


The authors are both members of 
the Metallurgy Department at M.LT. 
and in 1946 inherited a two-term soph- 
omore course in materials and proc- 
esses from the Mechanical Engineer- 
ing Department. Just enough engi- 
neering science was originally taught 
in the course to make the foundry, 
metal working and welding labora- 
tories which accompanied the lectures 
understandable. Since we had two 
terms initially at our disposal, the 
sophomores who took the course got 
a good dose of physical metallurgy 
and materials processing. The pres- 
sure of humanities and courses in the 
sciences soon reduced our time to a 
one-term engineering metals course 
which included 2 lectures, 2 recita- 
tions, and a 2-hour laboratory per 
week. During the last two years we 
have gradually changed this to an en- 
gineering materials course by includ- 
ing structures and properties of other 
materials such as ceramics and poly- 
mers and their processing. An ab- 
breviated outline of the course is 
shown in Table II. First-term sopho- 
more metallurgists, second-term soph- 
omore mechanical engineers and first- 


term junior business and engineering 


administration majors who are re- 
quired to take this course constitute 
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only about half of its population. The 
other half elect the course and ay 
chemical and electrical engineers jj 
the junior and senior years as well as 
bright second-term freshmen. The 
latter are usually those who have de. 
cided upon a career in solid stat 
physics. This diversity of student pop- 
ulation creates a real problem which 
we solve with segregated recitation 
sections. The senior lecturer presents 
as broad a version of the subject mat 
ter of the outline of Table II as is pos 
sible in 2 hours per week per term 
Experimental flavor is added in the 
lecture by table top and other small 
scale demonstrations. The student 
need not take notes because he is 
given a three-page printed resume of 
each lecture as well as a set of finished 
solutions to illustrative problems which 
are similar to his assigned homework 
problems. The recitation period is 
devoted to a discussion of assigned 
problems as well as to the details of 
the theory presented in lecture. In- 
structors of sound chemical back- 
ground teach metallurgists and chem- 
ical engineers, those of superior phys- 
ics background teach physicists and 
electrical engineers and those of mor 
mechanical background teach mechan- 
ical, marine and aeronautical engi- 
neers. Only by this device, plus suffi- 
cient number of volunteer instructors 
to afford small recitation sections (6- 
20 students), can we afford to giv 
each section a deeper insight into some 
particular phase of the subject in 
which they might be especially inter- 
ested because of their background 
training. Our study assignments are 
from Pauling’s General Chemistry 
which is the freshman chemistry text 
for all students at M.I.T.; from Bitters 
Currents, Fields and Particles which 
is the sophomore physics text; and from 
Metallurgy for Engineers by Wulltt, 
Shaler and Taylor. This term we art 
revising the latter text and in the in- 
terim are supplanting it with Sinnott's 
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Lecture 
2 hours/week 


tic Str. & Periodic Table 
ystallography—Miller Indices 
stal & Molecular Structure 
ructure of Covalent, Metallic, Ionic 
Sohds 


iss, Polymers, Silicates 


juilibria; Solid Solution in Metals 
& Ceramics. Intermetallic com 
pounds. Hume-Rothery Rules 
itectic & Other Alloys in Metals 
and Ceramics 
Metastable Equilibria: Non-Liquid 
and Transformation in 
. Metallic and Ceramic Alloys, Poly- 
merization, Vitrification & De- 
vitrification 
Heat Treatment in Non-ferrous 
loys, Glasses & Polymers 
HeatTreatment & Surface Treatment 
of Iron-Carbon Alloys 
Quiz , 
Elasticity & Microplasticity 
Mechanical Behaviors 
Time Dependent Plastic Flow; Frac 
ture in Metals, Polymers, Ceramics 


\l 


& Aggregates or Composites 

Mech. Processing of Solids 

Electrochemistry, Surface Films, 
Corrosion 

Surface Prop.; Adhesion, Sintering 
Friction, Wear & Cutting 


tric Prop.; Conductors, Semicon 
ictors, Non-conductors 

Dielectric Properties 

Magnetic Proper ies 


Selection of Materials & Processes 
\ttempt at Unifying and Review 
ng Laboratory, 
Lecture—Practical Examples 

Selection of Materials and Processes 

Practical Examples 

Final Quiz 


Recitation and 


erence texts only, 
\lthough we believe we are already 
following the M.I.T. Materials Study 


Coan 


er 


( 


} 


All three books are used as ref- 


p outline at the sophomore-junior 
as well as providing the type en- 


TABLE II 

AND LABORATORY IN 3:11 
Recitation 
2 hours/week 

Mech. Properties 
Problems on Lecture 
Problems 
Problems 
Problems 
Problems 
Solidification, Nucleation 

& Growth, Diffusion 
Problems 
Problems 


Problems 


Problems 


Problems 
Problems 
Dislocations 
Problems 


Problems 
Problems 


Problems 
Problems 
Problems 


Conduction 


Conduction 
Conduction 


ECPD, this 
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Lat 
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oratory 


2 hours week 
Mechanical Testing 
Metallography 


ana 


Diffraction 


Analyses of Binary 
Micro 


Thermal 
\lloy Diagrams. 
structures 


Moulding 


Melting, Casting and Finishing 


Heat Ferrous & 


Non-Ferrous alloys 


Treatment of 


Mechanical Testing 


Deep Drawing 


Wire Drawing 

Rolling 

Forming, Sintering, & Braz 
Particulate Matter 
and Polymers 


ing of 
Metals 
Soldering and Brazing 
Arc Welding 
Miscellaneous Joining Pros 
Non-metals & Metals 


esses 


gineering science course envisaged by 


is only part of the real 


joy in giving the course and making 
it a lasting experience for the student. 
This is in large measure accomplished 
in the laboratory which, at M.1.T 


1S 
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devoted to molding, melting, casting, 
working, and joining of materials. The 
experiments are of the participation 
type and are not designed only to 
prove some point of a theory the lec- 
turer made but also to provide the stu- 
dent with direct evidence that the 
structure: dependent properties of ma- 
terials are as much affected by mode 
of processing as they are by composi- 
tion. There is also a very real satis- 
faction and engineering value in hav- 
ing the student do as much of the 
work of joining, casting, and mechan- 
ical working as possible himself, using 
bonafide tools of the trade. By having 
one well indoctrinated instructor for 
every six students we feel the theoret- 
ical, as well as practical, understand- 
ing of processing becomes as much of 
a challenge to the students as does the 
quantitative understanding of the in- 
fluence of atomic structure. We also 
believe in a course of this kind the 
student will learn the value of “craft- 
manship” in any experimental or engi- 
neering endeavor. Much of this, as 
well as a feeling for cost, cleanliness, 
safety, and design, can, as you well 
know, only be taught in such a short 


time by infiltration. When it is don 
otherwise it becomes boring and mer- 
its some of the criticism of our older 
laboratory type metals 
courses. 

In closing, we trust the few case 
histories we have shown will indicate 
that earnest efforts are already being 
made in some engineering schools to 
teach engineering materials courses 
from an engineering science stand- 
point. This can be done following the 
Materials Study Program outline and 
the ECPD recommendations at an) 
level. It can, of course, be carried out 
in greater depth and detail in a two- 
term rather than a one-term sequence. 
Since most engineering schools are not 
as yet ready for a common three-year 


processing 


curriculum and a limited number only 
have a common two-year curriculum, 
the single term type course given 
sometime in the first five semesters of 
the student’s undergraduate program 
seems more realistic to us at present 
Such a single term course can serve as 
a sound introduction to more advanced 
courses in materials for specialized 
groups. 





NUCLEAR SYMPOSIUM AT VERMONT 


A two-day Symposium on The Nuclear Power Plant, Engineering 
Problems of Planning, Construction and Operation, is to be held 
May 14th and 15th, 1959 at the University of Vermont. The Ver- 
mont subsection of the American Institute of Electrical Engineers 
will co-sponsor this Symposium with the University of Vermont. 
The program will begin with a tutorial session on nuclear power, 
followed by sessions on planning (selection of type, safety, location, 
construction). The planning and construction of the Yankee Atomic 
Power Plant will be discussed in some detail to illustrate the various 
problems encountered. Final sessions of the Symposium will in- 
clude discussion of legal and governmental controls and economic 
factors. 





PLANNED TECHNICAL ELECTIVES 
FOR BETTER ENGINEERING EDUCATION 


The goal of engineering education 
is to produce well-trained men and 
women who can take their places as 
engineers in industry, research, or 
teaching. In order to achieve this goal, 
our educators have set up an almost 
inflexible set of course requirements 
for the undergraduate engineer. As 
a result, the educational process tends 
to become a mass production line for 
turning out a stereotvped product in 
each curriculum, and the students’ 
initiative is smothered in a jungle of 
requirements. 

The trend has been to crowd more 


ind more subjects into the undergrad- 


uate engineers program. A five-year 
curriculum has been proposed to re- 
place the four-year program; however, 
it is generally agreed that the five-year 
curriculum is not desirable. The rais- 
ing of high school standards is an ob- 
vious way to relieve the strain on the 
four-year program in the Universities, 
but even this will not help the situa- 
tion unless our engineering educators 
waken to their responsibility and 
either stop adding requirements in the 
undergraduate program or eliminate 
some of the application courses. 

\s the science of engineering prog- 
resses, more and more subjects be- 
come “essential” in the minds of cer- 
tain educators. A college education 
should give the student an opportu- 
nity for self expression and the chance 
to develop creative abilities. Yet, the 
student has very little opportunity to 
develop these traits on his own initia- 
tive because he is forced to follow a 


MAX S. PETERS 


Professor of Chemical Engineering 
The University of Illinois 
Urbana, Illinois 


set pattern in his training. He sel- 
dom takes a course which he has 
chosen because of a particular interest 
in the subject. He merely indicates 
that he would like to be an electrical, 
mechanical, or other type of engineer, 
and someone else sets the training 
program for him. 

Approximately 85 to 90 per cent of 
the total credit hours in our four-year 
engineering schools are devoted to re- 
quired courses. Of the remaining 
credit hours, over half are ordinarily 
reserved for non-technical subjects. 
This means that the average engineer- 
ing student can take two technical 
courses of his own choice during his 
entire undergraduate career. It would 
be unrealistic to attempt to make a 
large increase in the number of tech- 
nical electives available for under- 
graduate engineers. In any four-vear 
engineering curriculum, at least 80 
per cent of the total credit hours must 
be used for required courses. By 
careful screening of the entire cur- 
riculum, it might be possible to in- 
crease the number of technical elec- 
tives to three courses of three credits 
each, but the disturbing fact is that 
the trend appears to be toward re- 
ducing the number of technical elec- 
tives. 

Why do some of our engineering 
educators feel that it is not necessary 
to give the students a chance to choose 
any of their technical subjects? Many 
teachers attempt to answer this ques- 
tion by claiming the students do not 
show any interest in choosing their 
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own electives. If this is the case, the 
schools are failing to instill any pro- 
fessional curiosity or desire for knowl- 
edge in the student, and the teachers 
themselves are at fault. The real an- 
swer to the question is that most tech- 
nical electives are not planned to fit 
the need of the students. There is not 
sufficient time and thought given to 
the type of electives which are needed, 
and the student advisors seldom take 
the time to make a careful analysis 
of the situation. Consequently, if the 
technical elective is to attain its po- 
tential value in engineering education, 
some thought must be given to a sys- 
tem of planned technical electives. 


Scope of the Technical Elective 


In discussing the manner for devel- 
oping a planned program of technical 
electives, it is convenient to divide the 
possible courses into the following 
general classifications: 


1. Broadening courses in engineer- 
ing sciences to give the engineer train- 
ing in fields other than his own spe- 
cialization. 

2. Advanced courses in the basic 
sciences such as mathematics, physics, 
or chemistry. 

3. Specialized courses in the engi- 
neers major curriculum. 


Table I presents a breakdown of 
these three general classifications into 
some typical individual courses and 
shows the value of different courses 
for the various types of engineers. 


Broadening Courses in 
Engineering Sciences 

Of the three general classifications 
of technical electives, the one dealing 
with broadening courses in engineer- 
ing sciences probably has the most po- 
tential value for the undergraduate 
engineer. Unfortunately, this type of 
elective has not been adequately de- 
veloped in our universities. These 
electives should give the student an 


opportunity to learn something about 
a subject which is not directly related 
to his own field of specialization 
Consequently, the courses must be or 
ganized and planned to fit the needs 
of engineers who do not have a strong 
background in the particular subjects 

The essential weakness of the pres. 
ent broadening electives available fo 
engineering students is the lack of at- 
tempt by the instructors to make the 
courses fit the needs of the students 
For example, if a one-semester elec- 
tive course in heat transfer is offered 
for engineering students who hav 
had no training in this field, the in- 
structor should not put too strong ai 
emphasis on the theory alone; instead 
the theory should be related to pra 
tical examples such as actual engineer- 
ing operations or methods for design- 
ing and using heat-transfer equip- 
ment. 

Chemical Engineering for Non- 
Chemical Engineers. Because of th 
tremendous growth of the chemical 
industry during the last thirty vears 
all types of engineers have come int 
contact with chemical processes. Th 
mechanical engineer in particular 
needs to know something about chem 
ical engineering principles, and most 
of the other branches of engineering 
would profit considerably from a stud) 
of this subject. Yet, very few of ou 
universities offer any course of this 
type which would be suitable for th: 
non-chemical engineer. A one-semes 
ter course covering the basic princi 
ples and ideas of chemical engineet 
ing would be an ideal technical ele: 
tive for the undergraduate engineer 
Not only would it broaden and im- 
prove his education, but it would als 
acquaint him with the methods used 
in one of the world’s most important 
industries. 

Engineering Economics. Many 0! 
our schools are graduating engine 
who do not have the faintest concept 
of the economic principles invol\ 
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in engineering operations. Men in in- ics department. Most courses of this 
lustry have repeatedly urged our en- type should not fall in the category 
sineering schools to include econom- of a technical elective. In order to be 
ics in the undergraduate curricula. classified as a broadening course in 
Some universities have now incorpo- engineering science, the economics 
rated excellent courses in engineering — elective should be taught by a well- 
economics in the training program; trained engineer, and the instructor 
however, in many cases, the schools should emphasize economic principles 
have avoided the issue by recommend- —_ and methods as practiced in engineer- 
ing that the student take an elective —_‘ ing concerns. 

course in economics from the econom- The use of the economics course as 


PasLeE I. 
TECHNICAL ELECTIVES FOR ENGINEERS AND VALUES FOR DIFFERENT CURRICULA 


Value Scale 
E = Excellent 
F = Fair 
P = Poor relative to other technical electives 
N = No value because covered by specialized curriculum 
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an elective illustrates the major weak- 
ness of the technical-elective system 
at the present time. Students who 
realize the importance of economics 
request an elective in this subject. 
They find themselves taking a general 
economics course along with liberal 
artists and physical-education majors. 
If the economics course is to realize 
its potential value for the engineer, it 
must be planned and taught for engi- 
neers. Under these conditions, the 
course can be classified as an engi- 
neering science and it can be a valu- 
able technical elective. Our engineer- 
ing educators must recognize their 
responsibility to set up technical elec- 
tives which are planned for the engi- 
neer. 

Other broadening courses in engi- 
neering sciences, such as metallurgy, 
heat transfer, dynamics, flow of fluids, 
electrical circuits, electronics, nuclear 
engineering, and engineering mate- 
rials, should be made available to en- 
gineering students as planned tech- 


nical electives. In setting up the pre- 
requisites for these courses, the value 
rating for the different curricula, as 
indicated in Table I, should be con- 


sidered. If a curriculum has an ex- 
cellent (E) or a fair (F) value rating 
for a course, every effort should be 
made to permit the students in this 
curriculum to meet the prerequisites 
through their required courses. 


Advanced Courses in the 
Basic Sciences 

All engineers are required to study 
the basic subjects of mathematics, 
physics, and chemistry. Depending 
on the individual student’s interests 
and_ professional aims, advanced 
courses in these basic sciences may 
be very beneficial. In particular, if 
the student plans to take up graduate 
study or research work, advanced 
study in mathematics and physics is 
advisable. On the other hand, the 
man who plans to enter industry on 


completion of the undergraduate pro 
gram would probably obtain mor 
benefit from an elective in enginee; 
ing economics or elementary chemical 
engineering. In order to give the sty. 
dent an opportunity to exercise his 
own initiative in his professional de. 
velopment, advanced study in th 
basic sciences should be made avail 
able as technical electives. 

Modern Physics and Advanced 
Mathematics for Engineers are exce] 
lent technical electives for all eng; 
neers, no matter what the future aims 
of the student may be. Howeve 
these courses must be planned for th 
engineer, and the students’ previous 
training must be taken into considera- 
tion in order to eliminate unnecessary 
repetition. Courses in statistics, prob- 
ability, and vector analysis may als 
be of interest to many engineers, but 
these subjects can usually be handled 
adequately by the mathematics de- 
partment without any particular em- 
phasis on engineering applications. 

Chemistry electives should alway: 
be taught by members of the chem- 
istry department. If there is sufficient 
demand, special courses in the various 
phases of chemistry should be ar- 
ranged and planned to fit the engi 
neers’ background and interests. 


Specialized Courses in the 
Engineer’s Major Curriculum 


All engineering students _ should 
have some chance to become a 
quainted with research methods. |i 
a project or research course is not i! 
cluded in the required program, thi 
interested student should be permitted 
to choose research as a technical ele: 
tive. A course of this type does not 
involve formal lectures or classroom 
recitation. Instead, the student car 
ries out a research investigation in his 
own field under the direction 0! 

staff member. The undergraduate ™ 
search program has received consider- 
able attention in recent years, and it 





PLANNED TECHNICAL ELECTIVES 717 


is now well established in most engi- 
neering curricula. 

Advanced courses in design and in 
special phases of the different cur- 
ricula are ordinarily available to the 
undergraduate engineer as technical 
electives. These courses are certainly 
of considerable value for some stu- 
dents, but too many schools tend to 
nush these specialized electives to the 
exclusion of the broadening courses. 
The essential purpose of the technical 
elective is to give the student an op- 
portunity to obtain a broadened edu- 
cational scope; therefore, the under- 
craduate engineer should be encour- 
aged to choose some of his technical 
electives outside his own field. 


The engineering student who is 
forced to follow a set pattern of train- 
ing misses many of the benefits of 
higher education. Certainly, the least 
the educator can do is to make cer- 
tain the young engineer has the op- 
portunity to broaden his education by 
means of elective courses. Technical 
electives can help round out the train- 
ing program if they are planned and 
organized to fit the needs of the engi- 
neer. If the teachers will assume the 
responsibility for developing planned 
technical electives, the students will 
obtain the benefits of a widened edu- 
cational scope and will be better pre- 
pared to take their places as engineers 
in their chosen profession. 





INTERDISCIPLINARY CONFERENCE ON 
SELF-ORGANIZING SYSTEMS 


An Interdisciplinary Conference on Self-Organizing Systems will 
be held on May 5th and 6th, 1959, at the Museum of Science and 


Industry, Chicago, Illinois. The conference is to be co-sponsored 
by the Information Systems Branch of the Office of Naval Research 
and the Armour Research Foundation. The purpose of this confer- 
ence is to bring together research workers in all fields of science who 
are concerned either with the development of self-adaptive informa- 
tion systems or with the conduct of research which may contribute 
to an improved understanding of cognitive, learning, and growth 
processes. Particular emphasis will be placed on theoretical models 
of systems which are capable of spontaneous classification, identifica- 
tion, and symbolization of their inputs. 

Interested individuals may receive further information and a 
preliminary conference program when available by writing to: 


Mr. Scott Cameron 
ICSOS Conference Secretary 
Armour Research Foundation 
10 West 35th Street 
Chicago 16, Illinois 





BRIDGING THE GAP 


ERNEST P. JAMES 


Associate Professor in the Division of Chemistn, 


and Director of Summer School, at thy 


Lowell Technological Institute, Lowell, Massachusett 


Precollege Refresher Courses in the Lowell Technological Institut 
Summer Session are designed to articulate high-school courses with mor 
intensive college-level studies. 


The scientific age has spawned a 
number of educational innovations to 
fulfill the urgent need for an ever- 
increasing number of trained engi- 
neers and technologists. In the wake 
of Sputnik’s orbit, much of the atten- 
tion has been focused on the so-called 
“gifted” student, with particular em- 
phasis on accelerated programs to 
prepare this select group to be the 
very vitally needed researchers of to- 
morrow. Less spectacular in its con- 
cept and application, but nonetheless 
rewarding in tangible results, has been 
the challenge to motivate and train the 
seemingly average student for even- 
tual participation in the vast network 
of industrial technology. 

In the early 1950's many college 
programs endured the doldrum years 
of transition from veteran-dominated 
classes to freshman classes composed 
of relatively immature high-school 
graduates. The alarming failure rate 
and freshman mortality figures clearly 
dictated that some course of action to 
bridge the gulf between high-school 
and college methodology was inevit- 
able. Acting on the suggestions of 
freshman instructors who attributed 
the majority of failures to a variety of 
background deficiencies, the Lowell 
Technological Institute Summer Ses- 
sion instituted a four-week precollege 
refresher program comprised of fun- 
damental offerings in chemistry, Eng- 
lish, mathematics, and physics. These 
compact, non-credit courses in the 
1954 Summer Session were designed 
primarily for deficiency clearance, with 
particular emphasis on the topics 
which had most frequently caused dif- 
ficulty in first-year college subjects. 
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This trial program attracted 45 vol- 
untary participants whose applica- 
tions for fall admission had been re- 
jected, and on the basis of perform- 
ance in one or more precollege courses, 
30 members of the group were even- 
tually admitted to the freshman class 
in September. Although this first ven- 
ture may be described retrospective), 
as somewhat haphazard, the 1958 re- 
turns indicate that nine of the same 30) 
students were granted B.S. degrees i: 
June, with one degree recipient clas- 
sified in the select high-honors cate- 
gory. It is significant that the 30 
graduation figure is only slightly be 
low the overall percentage of grad- 
uates from the entire entering class of 
1954. Furthermore, preliminary re- 
turns on succeeding precollege re- 
fresher groups indicate that, despite 
the continual intensification of under- 
graduate course curricula to meet th 
standards of professional accredita- 
tion, even better results may be real- 
ized at future commencements. 

After five years of constant experi- 
mentation and revision, the precolleg 
refresher program has emerged as 4 
vital adjunct to the LTI admissions 
procedure, serving in the dual capac- 
ity of evaluating as well as training 
approximately one-third of the ent 
ing freshman class. While a cours: 
deficiency is still the principal basis 
for impelling a prospective freshma! 
to enroll in a summer precolleg 
course, several other considerations 
have been incorporated in the evolv: 
ment of an effective admissions pr 
gram. Among the additional criteria 


Jrl. Eng. Ed., V. 49, No. 8, Apri 





BRIDGING THE GAP 


currently utilized by the Admissions 
Office to classify an applicant in the 
conditionally accepted category, the 
following may be cited as examples: 


¢ absence from formal education 
for a year or more—e.g., service 
returnee; 
comparatively low passing grade 
in a high-school course; 
questionable background owing 
to varying topic coverage in a 
high-school course; 
uncertain background owing to 
varying high-school standards. 


The conditionally accepted student 
is advised by the Director of Admis- 
sions to enroll in one or more pre- 
college courses, final acceptance for 
fall admission becoming contingent 
on his performance in the prescribed 
plan of study. 

In concert with the more critical 
admissions standards, the 1958 pre- 
college refresher courses differ mark- 
edly in content, scope, and perspec- 
tive from the trial courses offered in 
1954. Whereas the original offerings 
were designed primarily to replace 
actual high-school deficiencies, current 
emphasis underlines the important 
function of conditioning the student 
for college study. Some of the out- 
standing characteristics, functions, and 
advantages of the present program 
may be summarized as follows: 


* Courses in chemistry, English, 
mathematics, physics, and plane 
trigonometry are offered in a six- 
week session (45 contact hours ) 
as well as a four-week session 
(30 contact hours ) to provide the 
widest possible coverage for a 
variety of background require- 
ments. 

Freshman instructors conduct the 
courses and gear the approach 
and pace to college-level stand- 
ards, 

The courses carry no academic 
credit and final ratings are based 
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On a SATISFACTORY Or an UNSATIS- 
FACTORY performance. 

Additional information in the 
form of a qualifying statement 
regarding ATTENDANCE, ATTITUDE, 
PROGRESS, and POTENTIAL provides 
an invaluable guide for the Di 
rector of Admissions. 

Finite grading has been min- 
imized to the extent that many 
students liken the program to a 
“vigorous scrimmage before the 
big game.” This atmosphere pro 
motes conditioning in the funda 
mentals and is conducive to the 
acquisition of knowledge rather 
than the amassment of numerical 
averages. 

Freshman instructors provide 
counsel, guidance, and encour- 
agement in an academic atmos- 
phere devoid of hazing, extracur- 
ricular activities, and other dis- 
tractions which contribute to the 
many failures in freshman col- 
lege courses. 


It is the consensus among students 
and staff involved in the precollege 
courses at LTI that the program has 
been extremely successful in facilitat- 
ing the transition of the average stu- 
dent from high-school to college 
study. It is also gratifving to note 
that many students matriculating at 
other colleges have attempted to en- 
roll voluntarily in this LTI summer 
program. 

The author acknowledges the in- 
valuable cooperation of the Admis- 
sions Office staff and the many faculty 
members who have contributed to 
the success of this endeavor. Particu- 
lar mention should be made of the 
Faculty Committee—Professors Henry 
E. Thomas, Andrew A. Ouellette, 
Howard K. Moore, and Walter J. 
Lisien—which coordinates the various 
course curricula with an eye toward 
providing the best preparation and 
conditioning for the LTI undergrad- 
uate course offerings. 
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AERONAUTICAL DIVISION BULLETIN 


VINCENT S. HANEMAN, JR. 


(Activity, vitality, and vigor are 
measures of the quality of an organ- 
ization but, in order that any group, 
regardless of superlative ratings in 
these fields, continue to be of assist- 
ance to its membership, it must have 
a means of communication. The com- 
munication provided by the JouRNAL, 
and the privilege of publication of 
articles of interest to aeronautical en- 
gineers in the form of this Bulletin is 
deeply appreciated by the Division. 
We hope that these articles will prove 
to be of interest to all fields of engi- 
neering. 

The aeronautical engineering field 
has been faced with a growth and 
development in the past few years 
accorded very few other divisions of 
engineering. The faculties of our 
aeronautical engineering departments 
have been faced with tremendous de- 
mands on their time and _ abilities. 
One side of the coin requires modern 
teaching techniques, “up-to-date” aca- 
demic procedures, and integration of 
the liberal arts into engineering cur- 
ricula. The other side of the coin de- 
mands currency in technological de- 
velopments, continuous research ac- 
tivity, and highly advanced subject 
matter in basic courses. The stress 
ind strain produced by this “coin flip- 
ping’ has sent many young teachers 
to industry and kept potential faculty 
members from joining our “penny 
pitching.” 

The Aeronautical Division embarked 
upon a program six years ago to re- 


Major, USAF 

Associate Professor of 
Aeronautical Engineering 

AF Institute of Technology 
Wright-Patterson AFB, Ohio 


lieve some of this difficulty by spon- 
soring joint meetings, where industry 
and education could interchange in- 
formation as to each other’s needs and 
requirements. These provided a 
forum for intra-faculty discussions on 
the teaching techniques used and a 
great deal of value was obtained. 
Both sides of the coin were seen to a 
limited degree. The limitation existed 
in the fact that only a relatively few 
faculty people could or did attend the 
one joint meeting. Therefore, it was 
decided last year that the number of 
these meetings would be increased. 
Joint sessions were held with the In- 
stitute of Aeronautical Sciences at 
both the Winter (New York) and 
Summer (Los Angeles) meetings and 
both were extremely successful. Mem- 
bers of ASEE not previously seen at 
the New York meeting attended the 
Los Angeles session. 

This year the extent of activity will 
be further increased to include joint 
sessions with the American Rocket So- 
ciety, thus providing further facilits 
for balancing the coin on edge. 

The Division can and will be of 
value to the field only so long as mem 
bers take an active part. To this end 
it is urged that, at the section level. 
meetings or get-togethers be held if 
for no other reason but to meet your 
colleagues from nearby schools and 
exchange problems. One method of 
achieving this end would be to have 
a table set aside for Aero at the an- 
nual section meeting lunch or dinner. 


Jrl. Eng. Ed., V. 49, No. 8, April 1959 





724 JOURNAL OF ENGINEERING EDUCATION 


The joint sessions are being planned 
such that there will be a breakfast, 
lunch, dinner, or “what have you” for 
this purpose. 

The Newsletter still is posted twice 
a year and anyone interested in re- 
ceiving this communication can be 
placed on the list by sending a post- 
card to the Division Editor. 

Let’s get together somewhere this 
vear. 


Executive Committee 


G. C. CLemMentson, USAF Academy, 
Chairman 


Vol. 49—No, § 


E. W. AnpersON, Iowa State, Vice- 
chairman 

J. J. Creary, North Carolina State, 
Secretary 

L. Z. Settzer, West Virginia Univer- 
sity, Division Representative 

B. C. Bouton, McDonnell Aircraft 

J. W. Hoover, University of Florida 

D. W. Dutton, Georgia Institute of 
Technology 

H. M. DeGrorr, Purdue University 

H. S. STILLWELL, University of Illinois 


V. S. HANEMAN, Jr., AF Institute of 
Technology, Editor 





SCIENCE, MATHEMATICS AND ENGINEERING 
INSTITUTES AT IOWA STATE COLLEGE 


Iowa State College will hold three special institutes for high 
school and college teachers in the areas of science, mathematics and 
engineering in the summer of 1959. 

This was announced by the National Science Foundation, which 


said approximately 18,000 high school and college teachers will 
benefit directly from its teacher training programs sponsored by the 
Foundation in 255 educational institutions in all 48 states, Alaska, 
Hawaii, Puerto Rico and the District of Columbia. 

Iowa State is almost unique among these institutions in that it 
has submitted a proposal for an institute for college and junior col- 
lege teachers of engineering drawing, engineering problems and 


statics of engineering. This proposal has been approved, and 50 
selected teachers will be invited to study in this area on the Iowa 
State campus next summer. 

The College will receive approximately $160,800 from National 
Science Foundation to support its three programs. Tuition and 
fees for the teachers selected will be paid from these funds. The 
teachers will also receive stipends of $75 per week for the duration 
of the institute, plus allowances for travel and dependents. All three 
institutes will run from June 8 to July 17. (Applications may be 
made to J. A. Greenlee, 12 Beardshear Hall, Iowa State College. ) 

Institutes offer courses and activities specifically designed to meet 
the subject matter needs of science, mathematics or engineering 
teachers who have been out of college for a number of years. They 
provide opportunity for teachers to learn of recent advances in their 
fields, and to study subjects in which they may have been in- 
adequately trained. The ultimate object is to strengthen the teach- 
ing programs in science, mathematics and engineering throughout 
the nation. 





PROJECT TINKER TOY 


In 1950 the Air Force Institute of 
Technology obtained the 1/17.42 pro- 
totype wooden wind tunnel of the 
Wright Air Development Center 20 
foot Wind Tunnel. This prototype 
tunnel had a test section 13.875 inches 
in diameter and 32 inches long. Since 
no balance system was provided, a 
three element (lift, drag, and pitching 
moment) pyramidal balance was de- 
signed, procured, and put into opera- 
tion by the fall of 1952. Pressure and 
foree models were designed to be 
mounted on this balance. These mod- 
els were constructed in the WADC 
model shop, but due to a low priority 
and to fabrication time, up to 15 
months delay was experienced from 
the time of ordering a model until a 
useful wind tunnel model was _ re- 
ceived. It must be remembered that 
the Korean conflict occurred at this 
time and other work had to be done 
first. In the fall of 1954 a simple 
strain gage balance was designed so 
that sting mounted models could be 
used. Measurements of tare loads 
was possible when the two balances 
were used in conjunction. Some mod- 
els were designed using an “image 
balance system” in conjunction with 
the pyramidal balance system. 

The mahogany models fabricated 
by the WADC model shop were of 
high quality, and dimensional control 
of + 0.01 inch was achieved. Models 
were scaled from official Air Force 
drawings of current operational air- 
craft. The first model was an F-84E. 
The straight wing was selected, as it 
was felt that the students should be 
familiar with straight wing character- 
istics before learning about swept 


HAROLD C. LARSEN 
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wing characteristics. It was felt that 
the effect of wing flaps and elevators 
on the pitching moment, and stability 
and control characteristics of the ve- 
hicle should be possible of measure- 
ment with the model. Accordingly, 
flaps and elevator deflection settings 
were provided by using pins bent to 
the desired deflection to locate and 
hold the control in place. A small 
strip of cellulose tape served as a con- 
trol gap seal and securely held the 
control in place. 

The scheme worked well the first 
few times the model was used, but 
there were troubles. The students 
were mixing up the pins or losing 
them. The pin holes in the wing, 
stabilizer, and the controls became 
enlarged so that accurate settings 
were not possible, and even asym- 
metric settings developed. Part of 
the difficulty was due to the small 
scale of the model so that brass bush- 
ing inserts could not be used in the 
holes. In addition, the small control 
surfaces cracked and splintered, and 
new ones had to be fabricated. Of 
course, the new control surfaces did 
not have the holes drilled at the same 
location or angle so that weird results 
were obtained at times. It was de 
cided to retire the F-84E and replace 
it with a more modern aircraft. At 
retirement, the F-84E had cost $4,300 
and had been used in 18 to 20 labora- 
tory classes. 

As a replacement for the F-84E, the 
F-101 was selected. There were sev- 
eral problems which had to be solved. 
First, the wing of the F-101 was so 
thin that wing mounting trunnions 
could not be used, and a trunnion lo- 
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cated in the fuselage at the normal 
center of gravity position had to be 
developed, and the pyramidal balance 
modified with a single mounting strut. 
A complete image system was de- 
signed so that much more accurate 
tare measurements could be made. 
Secondly, because of the thin wing 
and tail, neither wing flaps nor the 
elevator could be designed to be de- 
flected. The split wing flaps were 
simulated by screwing brass flaps to 
the lower surface, and removing for 
clean tests. The elevator setting was 
vexing. A complete vertical and hori- 
zontal tail had to be made for each 
control deflection desired. The sur- 
face was only 5% thick and had a 
chord of less than two inches. Each 
tail was made from aluminum castings 
with the elevator soldered on at the 
appropriate angle. Elevator settings 
of — 10, 0, + 10, + 20, degrees were 
made. As usual, the selected settings 
were not complete enough. It was 


necessary to have + 5°, + 15°, and 


+ 25° tail settings made after the re- 
sults of the first run were evaluated. 
Further difficulties encountered were 
the splitting of the wing tip trailing 
edges and the flap fairings. The wing 
was assembled using mahogany strips 
glued together, and then contoured to 
shape. Aeroelastic effects of wing 
bending and torsion were visible at 
dynamic pressures of 100 Ibs./ft. and 
angles of attack greater than 10°. It 
was necessary to have the wings re- 
paired and the model refinished after 
each class. After only 5 classes had 
used the F-101, it was decided that 
the thin wing was so much trouble 
that a replacement had to be found. 
It had cost $6,400 by then, and the 
laboratory budget could not tolerate 
such an expensive model. 


Commercial Models 


About 1950 sleek plastic and die 
cast metal ash tray models began to 
pop up on the project officer’s desks 


around Wright Air Development Cep- 
ter. These models seemed to }y 
pretty accurate replicas of the actual 
aircraft, and discussions of the suit 
ability of these models for small scale 
wind tunnel models frequently arose 
At the same time plastic kits of air. 
craft began to appear in almost ever 
drug store. These kits had great de- 
tail, sometimes too much, but made 
an attractive display model. After as- 
sembling a few of them, it was con- 
cluded that they were too fragile and 
it would be too difficult to maintair 
dimensional control, especially of in- 
cidence and dihedral as in general the 
wings were made in two pieces. At 
that time the “ash tray” models would 
be too difficult to obtain in sufficient 
quantity as they cost as high as $15.00 
to $25.00 per model. On top of this 
there was the problem of mounting 
the model on the balance system. Thi 
pyramidial balance could be used if 
the system used on the F-101 wer 
followed, but this meant extensiv 
modification of the model. Howeve: 
the strain gage balance would bh 
ideally suited for sting mounting sin 
gle engine jet type aircraft with th 
tailpipe exhaust at the rear, such as 
the F-80 or F-86. 

With the disappointing experienc: 
with the F-101, it was decided in th 
summer of 1957 to take a second look 
at the plastic models. The “ash tray 
models had improved considerabl 
They were made of a good hard plas- 
tic that had nicely rounded leading 
edges and thin, sharp trailing edges 
on the wing and tails. These models 
were in one piece and were ver 
smooth. There would be difficulties 
in mounting the model and setting 
control deflections. Expense was stil! 
a problem as each model would cost 
from $5 to $25, and control deflections 
would probably require one model fo 
each control deflection. It was planned 
to cut out the control and cement 
back at the proper angle. A complet 
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test would require from 15 to 30 sep- 
trate models. 

The plastic model kits had im- 
proved tremendously. Harder plas- 


tics appeared to have been used as 
sharper trailing edges and better con- 


tours were apparent. Considerable 
improvement in assembly and fit had 
resulted under the healthy competi- 
tion that had occurred. However, 
most of the models still had the wings 
made in two pieces and accurate in- 
cidence and dihedral setting would 
still plague assembly. Control deflec- 
tion and mounting would require a 
little ingenuity. Most attractive of 
all was the low cost. The retail cost 
would be less than $1.00 per model, 
and wholesale about $0.50. This 
would allow experimentation without 
serious budget problems. 

Before proceeding further, it was 
decided to estimate the effect of in- 
accurate contours on the data ob- 
tained. Thin airfoil theory indicates 
that the slope of the left coefficient 
versus the angle of attack curve 
should be independent of the camber 
or thickness, and that errors in profile 
resulting in errers in camber would 
affect the angle of attack for zero lift 
and the pitching moment coefficient 
about the aerodynamic center. Since 
these are constants for any given air- 
foil, measurement would differ from 
the true value by constant. Since the 
main contribution to these quantities 
is determined by the mean camber 
line near the trailing edge, high ac- 
curacy would depend on high model 
accuracy near the trailing edge. Un- 
fortunately, this is the area of least 
model accuracy. Since model con- 
tours may be in error by + 0.02 inch, 
errors for a typical 2 inch chord would 
be only 1%. This was the same order 
of accuracy as the balance used, but 
differences might be detected. Thick 
airfoil theory indicated that the slope 
of lift coefficient versus angle of attack 
curve was increased (as a second or- 


der term) with the square of the 
thickness ratio. Thus errors in actual 
thickness ratio could be neglected. 
Three dimensional wing theory indi- 
cates that the slope of the lift coeffi 
cient versus angle of attack curve is a 
function of the aspect ratio, planform, 
and twist, or simply the geometry. 
Stability theory similarly indicates 
that most of the derivatives are a 
function of the geometry. Thus, if 
geometric similarity was good, satis- 
factory results suitable for classroom 
instruction would be obtained. After 
all, in teaching, one is interested in the 
difference more than the absolute 
values. The possible errors in tare 
measurement and extrapolating data 
obtained at low Reynolds numbers to 
high Reynolds numbers in order to 
compare with data taken at high Rey- 
nolds number probably would mask 
errors due to inaccurate contours. It 
was felt that there was every reason 
to expect success, and little could be 
lost due to the low cost. It was de- 
cided to proceed with the investiga- 
tion. 

The next problem was to find a 
model which would fit the AFIT tun- 
nel. Since the test section was 13.875 
inches in diameter, the span should 
not exceed 10 inches. The frontal 
area should not exceed 8 square 
inches to keep the blockage small and 
the model should not exceed 15 inches 
length because of the balance system. 
The model should be capable of be- 
ing sting mounted. The wing should 
be cast integral with the fuselage to 
guarantee accuracy of dihedral and 
The horizontal tail should 
be one piece to insure accuracy of 


incidence. 


alignment of stabilizer and elevator 
and to eliminate asymmetrical assem- 
bly. Finally the model should be a 
late series “century fighter” capable of 
supersonic speeds in order to be of 
interest to the Air Force and to main- 
tain student interest. 
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Plastic Kits 


A careful examination and assem- 
bly of about 15 plastic model kits 
available from hobby shops finally led 
to the selection of the Revell F-104 
model for experimentation, as it satis- 
fied all the requirements. A kit was 
purchased, the model was assembled, 
using commercial cement, complete 
with landing gear, landing gear doors 
and tip tanks. All the simulated 
rivets, joints, pieces of skin, and in- 
spection door covers were filed off 
and the surface smoothed with steel 
wool. The model was then finished 
with a spray enamel paint to give 
smooth finish. The problem of mount- 
ing the model on the sting was solved 
for experimental purposes by filling 
the model up to one inch beyond the 
end of the sting with ordinary paraffin 
wax. This was only a_ temporary 
measure used to evaluate the aero- 
dynamic properties, if the model held 
together. The model was placed in 


the tunnel at a zero angle of attack to 
minimize the loads on the lifting sur- 
faces, and the speed of the tunnel 


gradually increased. The dynamic 
pressure was increased to the limit of 
the tunnel power which corresponded 
to a dynamic pressure of 375 Ibs./ft.° 
Amazingly, nothing happened, and no 
parts were lost. The tail vibrated at 
dynamic pressures from about 200 
Ibs./ft. to 300 Ibs./ft.2, but was smooth 
and vibration free at all higher q’s. 
It was later calculated that g = 375 
lbs./ft.2 simulated an equivalent elas- 
tic load on a full scale solid aluminum 
wing F-104 at a dynamic pressure of 
5000 Ibs./ft.? at sea level. Thus, it ap- 
peared the plastic model might even 
be used to study aeroelastic effects. 
The model was then placed at an 
angle of attack of 28° (again a tunnel 
limit) and the dynamic pressure in- 
creased to a tunnel limit of 190 
Ibs. /ft.? at this angle of attack. Again 
the model held together and no parts 
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were lost. The tail vibration wa, 
much more intensive as the wing 
wake was impinging directly on th 
tail. The wing was observed to bend 
and the tip rotate to an increased an 
gle of attack. Aeroelastic effects wer 
clearly visible at this high q and larg 
angle of attack, but no damage to the 
model resulted. Encouraged by thes: 
results, lift, drag, and pitching mo- 
ment were measured from — 15° t 
+ 15° angle of attack and the data 
reduced. The results were most satis 
factory. The slope of the lift coeff- 
cient versus angle of attack curve 
agreed within 3% with the theoretical 
curve, corrected for aspect ratio and 
taper ratio, calculated by Glauert's 
method. The measured angle of zer 
lift was 14° from chord line of th: 
wing which had a symmetrical section 

The model was then modified by 
cutting out the wing trailing edgy 
flaps and cementing them back at 45°. 
It was then tested and the data re- 
duced. It was then modified by cut- 
ting out the leading edge flaps and 
cementing them back at 10° down 
deflection and tested. Then tip tanks 
were added and tested. These tests 
showed that trailing edge flaps 
changed the angle of zero lift to — 16 
from — 14°, without a change in th: 
slope of the lift coefficient curve 
Leading edge flaps (with TE flaps at 
45°) increased the angle of zero lift 
by one degree to — 15°, did not 
change the slope of the lift coefficient 
curve, but delayed the stall by an ad 
ditional 5°. The tip tanks did not 
change the angle of zero lift, but 
changed the slope of the lift cofficient 
curve such that the effective aspect 
ratio was increased to 4.5 from the 
geometrical aspect ratio of 2.45. These 
preliminary tests indicated that thes 
plastic models had the strength to b 
tested at high dynamic pressures and 
could be modified readily to stud) 
many different configurations with a 
low cost. During these tests, the tun- 
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nel temperature reached 137° F., 
which was enough to soften the par- 
affin wax and allow the model to ro- 
tate slowly on the sting. A permanent 
method of attaching the sting had to 
he found. 

After consultation with the Revell 
Corporation who manufactured the 
model and the WADC experimental 
model shop, it was decided to anchor 
the sting by filling the model up to 
the end of the sting with polyester 
resin and a hardener, and to fill the 
remaining cavity with polystyrene 
foam. This was an excellent solution, 
but care had to be taken to avoid 
warping and softening of the model 
by the solvents in the resin. Careful 
control of the amount of the hardener 
used was needed. The foam presented 
no difficulties. The landing gear 
wheel wells were filled with the doors 
and scraps from the casting sprue dis- 
solved in carbon tetrachloride. They 
were then filed smooth to contour and 
the model sanded with extra fine wet 


or dry sandpaper with water as a lu- 


bricant. One filled model which had 
become distorted by the heat and 
solvents, but which finally hardened, 
was dropped nose first 9 times from 
a 30 foot height on to an asphalt road- 
way before the vertical tail snapped 
off. The only other damage was a 
slightly bent nose. However, students 
have broken off the elevator by care- 
less handling when putting the model 
on the sting. This can be cemented 
back into position readily. No model 
has ever failed during a test. 

Upon completion of the tests which 
demonstrated the feasibility of using 
the models for classroom instruction, 
and solution of problems of accurate 
assembly, strength, and mounting, de- 
tailed tests of the aerodynamic prop- 
erties and the usefulness of the data 
tor instructional purposes remained. 
Graduate students undertook these 
tests as independent studies. Cap- 
tains Brantley and Hall undertook a 
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detailed investigation of 28 configura- 
tions of the F-104 and an evaluation 
of the model longitudinal and lateral 
stability. Lt. Owens undertook a 
study of the comparison of the data 
obtained from a plastic F-106A manu- 
factured by the K. and B. Allyn Com- 
pany as an “ash tray” model, but 
scaled from official blueprints, and a 
metal F-106A used by Convair as a 
wind tunnel model. The plastic model 
was 44 the size of the metal model. 
Both models had an accuracy in di- 
mensions to 0.005 inch and 15 minutes 
of arc in angle. The F-106A plastic 
model cost $6.00 each compared to 
$0.525 for each F-104, complete with 
spare wings and tails, as furnished by 
Revell, Inc. The spares were needed 
for cutting out the ailerons and rud- 
ders. This is because the replacement 
control surface must be cut oversize 
and trimmed to proper size while the 
cut-out control must be undersize and 
trimmed to proper size. About \,, 
inch is lost in all cutting methods 
found. The controls on the F-106A 
were replaced with brass controls 
which were cut down from the metal 
model. Details can be obtained from 
copies of the theses on request. 

The results of Lt. Owens meticu- 
lously careful test were surprising. It 
was impossible to measure the differ- 
ence between the plastic and metal 
model, with the balance system which 
had an accuracy of 4°. It was 
found later that such high accuracy 
is required in the mating of the dies 
to prevent the formation of “flash” 
that plastic models can have high ac- 
curacy in mating parts. Dies for some 
models have cost as much as $100,000, 
so high accuracy of a model is not 
surprising. In fact, only 0.001 in. er- 
ror can be allowed in mating the dies. 
The finish on the F-106A is achieved 
by buffing each model after assembly. 
The Revell model was obtained as un- 
assembled kits with indicated spare 
parts. The low price on the Revell 
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model was for 36 kits and was prob- 
ably extended as a special courtesy. 

The results of Captains Brantly and 
Hall's investigation were extremely 
gratifying. Small differences in change 
of control setting were detected easily. 
This was possible since the models 
were assembled using plaster of Paris 
cast jigs, and controls were set using 
gage blocks locally made for that pur- 
pose. The effects of flaps, leading 
edge flaps, landing gear, tip tanks and 
all control deflection were in good 
agreement with what one would ex- 
pect from theory or wind tunnel meas- 
urements on much more sophisticated 
models. Two items of particular in- 
terest were the effect of leading flaps 
and tip tanks on the model lift to drag 
ratio, and the effect of aileron deflec- 
tion on rolling moment as the angle of 
attack is increased. 

The maximum lift to drag ratio of 
the clean model without leading edge 
flaps deflected was only 6.2. By ex- 
trapolating, the parasite drag coefh- 
cient to full scale values gave 10.4. 
When leading edge flaps were de- 
flected 10° down, the measured max- 
imum L/D ratio was 10.1 and extra- 
polated was 14.8. The LE flaps im- 
proved the L/D at all values of the 
lift coefficient. Thus for cruise at sub- 
sonic speeds, LE flaps should improve 
the performance of thin wing aircraft 
as it minimizes leading edge separa- 
tion. The effect of tip tanks was to 
increase the maximum L/D ratio from 
6.2 to 7.0 but increase the lift coeffi- 
cient for maximum L/D ratio from 
0.40 to 0.60. This would mean a 
slower cruising speed. Tip tanks im- 
proved the L/D for all lift coefficients 
greater than 0.4 and decreased it for 
less than 0.4. Thus the high speed 
would be reduced using tip tanks, but 
the cruise, glide, and landing speed 
improved. This is because the aspect 
ratio is increased in effect. 

The F-104 is a low aspect ratio 
small span aircraft. In fact, the in- 
board end of the aileron is just out- 


board of the tip of the horizontal tail 
When ailerons are deflected a vortex 
is shed from each end. On one side 
the inboard vortex is in the same rota- 
tion as the tip vortex (down going 
aileron) and these two vortices join 
into one vortex of increased strength 
On the other side (up going aileron 
the inboard vortex is of opposite rota- 
tion from the tip vortex, and these two 
vortices tend to move apart. The in- 
board vortex moves inboard and the 
tip vortex displaces out. As the angle 
of attack is increased, the wake and 
these vortices move up closer to the 
horizontal tail, and interact more 
strongly with it. This interaction is 
asymmetrical and produces a _ rein- 
forcing rolling moment to that pro- 
duced by the ailerons. This was veri- 
fied with tail on and tail off roll tests 
with ailerons deflected, and later in 
water tank tests in which these vor- 
tices were made visible. This is an 
excellent example of aerodynamic 
coupling. 

The 28 configurations tested by 
Brantley and Hall cost $16.00 for the 
models, $12.00 for resin and foam, 
$0.60 for the stings, and about $48.00 
for the gage blocks and plaster of 
Paris used in assembly. Labor re- 
quired less than 4 man hours per 
model due to simplicity of assembl 
and minature production line assem- 
bly. 

In conclusion, the Aeronautical En- 
gineering Department of the Air 
Force Institute of Technology has 
used the same models prepared for 
Brantley and Hall in three labora- 
tory classes in addition to their inde- 
pendent study. So far only three 
models have been damaged, and those 
repaired over night. The results ot 
this experimentation have shown that 
commercially available plastic models, 
carefully selected and assembled, can 
be used as an inexpensive source of 
models for aerodynamic research and 
classroom instruction to show aero- 
dynamic phenomena. 
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Certain analogies exist between the 
flow of a liquid having a free surface 
and two-dimensional compressible gas 
flow. These relations provide a rela- 
tively simple and inexpensive means 
of studying gas flow in both the sub- 
sonic and supersonic ranges. 

The velocity of a gas at an arbitrary 
point in its flow where the absolute 
temperature is T may be determined 
from the energy equation 


V2 = 2gC p( To — T) 


where g is the acceleration due to 
gravity, C, is the specific heat of the 
gas at constant pressure, and the sub- 
script 0 refers to the value at stagna- 
tion (V = 0). The maximum velocity 
of the gas will be 


{ Viel ates 2gC pT o 
— (T/T). 


If a liquid flows over a horizontal 
bottom surface bounded by vertical 
walls geometrically similar to the 
boundaries of the gas flow, the energy 
equation may be expressed in a form 
similar to that given for the compres- 
sible gas flow. It will be assumed 
that the liquid flow is frictionless and 
that vertical accelerations are negligi- 
ble. The velocity of the liquid at any 
point in its ow where the depth is 


d, is given by the relation 
V2 = 2¢(dy — d). 
The maximum attainable velocity 
therefore is 
(V sson)* - 2ed, 
giving 


(V Y wank = 1 —_ (d d 


This equation is seen to be similar to 
that given for gas flow. The liquid 
depth ratio, d/d,, is therefore anal- 
ogous to the gas temperature ratio, 
¥/t¢ 

The equation of continuity for two- 
dimensional flow of a gas having a 
mass density of p is 


O(up) O(vp) 


z: Q 


a ze - 
Ox oy 


where u and v are the velocity com- 
ponents in the x and y directions, re- 
spectively. The continuity equation 
for a liquid is 
O(ud) | A(vd) 
Ox oy . 
A comparison of these two equations 
shows that, as in the energy relations, 
the equations of continuity for the two 
flows have the same form and that 
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the liquid depth ratio, d/d,, corre- 
sponds to the gas density ratio, p/p,. 

The liquid depth ratio can be anal- 
ogous to both gas temperature ratio 
and gas density ratio only if an as- 
sumption is made as to the nature of 
the gas. Since p/p, = (T/T,)/*"* and 
p/py = d/d,, (T/T,)?/** can equal 
d/d, only if the adiabatic gas con- 
stant k has a value of two. But for 
a gas, p/p, = (p/p,.)*, and as k= 2, 
it follows that the square of the liquid 
depth ratio must be analogous to the 
pressure ratio, p/pp. 

The differential equation for the 
velocity potential (¢) of a two-dimen- 
sional flow is 


0°p/dx*[ a® — (dp/dx)? | 
+ 0°o/dy*a? — (d¢/dy)* } 
= 2(0°/dx0dy) (0b/Ax) (db/Ay 


where a is the velocity of sound in the 
gas. The corresponding equation for 
ideal free surface liquid flow over a 
horizontal bottom is 


0°¢/dx*[ gd — (d¢/dx)*] 
+ 0/dy [gd — (dp/dy)? ] 
= 2(8%4/dxdy) (d¢/dx) (86/8y). 


Analogous to the sonic velocity (a) is 
the velocity of an elementary surface 
wave in a liquid (\/gd). When the 
flow in a channel is such that V = 
\/ad the Froude number is unity and 
the flow is said to be critical. This is 
analogous to sonic flow and a Mach 
number of one. Analogous to the 
normal shock wave in a gas is the hy- 
draulic jump in a liquid. Before the 
jump, the liquid moves with high 
velocity at a low depth; following the 
jump, the liquid moves with low ve- 
locity and greater depth. Before the 
compression shock, the gas moves 
with a high velocity at a low density 


and pressure; following the shock, th. 
gas moves with a low velocity at a 
higher density and pressure. Corre- 
sponding to the oblique shock and 
rarefaction waves in gas flow are ob- 
lique waves in the liquid produced by 
changes in the channel walls or by a 
body placed in the flow. 

The analogy may be summarized as 
follows: 


Liquid Flow 
Water-depth ratio (d/d 
Water-depth ratio (d/d 
Square of water-depth ratio (d/d 
Wave velocity (Vgd 
Froude number (V’/ Ved 
Subcritical flow 
Supercritical flow 
Hydraulic jump 


Gas Flow (k 2) 
Temperature ratio (7/T 
Density ratio (p/p 
Pressure ratio (p/; 
Velocity of sound (a 
Mach number (J’/a 
Subsonic flow 
Supersonic flow 
Shock wave 


The Mach numbers (Froude numbers 
in the analogy) may be determined 


from the relations, 


M=V/[Ngd and V 


\ 2¢(do 
giving 
M=N2(do—d)/d, or d/dy=2/(M?+2 


Wind Tunnel Simulation 


By the use of the relations given, a 
complete wind tunnel may be simu- 
lated by means of a water channel, 
permitting a study of basic aerody- 
namic phenomena at all speeds—sub- 
sonic, transonic, and supersonic. I[m- 
portant flow properties may be re- 
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produced and studied. The analogy 
provides a means of making prolonged 
observations of shock formation and 
the reflection and interaction of shock 
waves. By constructing the channel 
bottom of a transparent material such 
as glass or plastic and placing a light 
beneath, images of the waves may be 
projected on a screen for class ob- 
servation or may be photographed. 
Such images appear very similar to 
schileren photographs made in high 
speed wind tunnels. 

It has been shown that the gas 
temperature, pressure, and density are 
related to the water depth; therefore, 
measurement of the surface coordi- 
nates at various points will enable a 
complete contour map to be made of 
the entire area from which values of 
these variables may be determined. 

Streamlines and vortices may be ob- 
served by introducing a dye into the 
stream. Simultaneous observations of 
streamlines and shock waves may be 
made—a feature not obtainable in a 
wind tunnel. 

The pressure distributions about 
models may be determined by means 
of pressure orifices and burettes. From 
the burette readings the drag may be 
computed. Drag coefficients obtained 
by the use of the water channel agree 
very closely with those obtained in 
wind tunnels. 

A water channel is also a convenient 
means of demonstrating critical pres- 
sure ratios; normal, as well as oblique 
shocks; effect of model size on tunnel 
choking; flow instability; and flow 
through orifices, nozzles, turning vanes, 
and valves; as well as providing a sim- 
ple method for the investigation of 
new configurations. 


Limitations 


The hydraulic analogy has certain 
disadvantages and limitations. For 
example, a disturbance in a liquid 
causes the formation of surface ten- 


sion, or capillary waves. These waves 
are not a part of the analogy and have 
the effect of complicating the flow pat- 
tern and decreasing the accuracy of 
the depth measurements. These may 
be minimized by making the water 
depth rather shallow, especially at 
high Mach numbers and by the in- 
troducing of additives such as a water 
softener and soap which will reduce 
the surface tension. There must be 
no cavitation in the system or suds 
will be formed. The projection lens 
may also be adjusted so as to show 
the strong shock clearly and to mini- 
mize the capillary waves because of 
the difference in the height of the two 
types of waves. 

The surface tension of the liquid 
will also cause a capillary rise at the 
boundaries of the channel and at the 
model. This will prevent the water 
depths from being measured accur- 
ately at these points and will also 
cause distortion of the projected im- 
age. This effect can be greatly re- 
duced by coating the surface of the 
model and the channel walls with a 
thin layer of wax or paraffin. 

In the analogy, it is assumed that 
vertical accelerations are negligible. 
This is true if a shallow depth is main- 
tained. If the depth is too shallow, 
however, the boundary layer along the 
channel bottom will cause inaccurate 
results. For this reason, there must 
be a compromise as to the liquid 
depth. An average of about 0.4 or 0.5 
inch seems to be optimum. 

Perhaps the greatest limitation of 
the analogy is the fact that liquid flow 
is analogous to the flow of a fictitious 
gas having an adiabatic gas constant 
of 2.0. This must be taken into con- 
sideration, for example, when com- 
puting the ratio of throat area to test 
section area required to give a desired 
Mach number. The difference in the 
values of the gas constant may be 
taken into account in the interpreta- 
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tion of data taken in the water channel. 
Using the relations 


Ty = TL1 + M?(k — 1)/2], 
p/po = (T/T) Ke», 
and 


p/p = (T/T), 


correction factors which may be ap- 
plied to values of temperature, pres- 
sure, and density ratios when convert- 
ing data taken in the water channel to 
air having a gas constant of 1.4 are 
found to be: 


(CF) = (1 + 0.5M?)/(1 + 0.2M?), 
(CF), = (1 + 0.5M?)/(1 + 0.2M?)3-5, 
(CF), = (1+ 0.5M?)/(1 + 0.2M?)?. 


The correction factors may be ex- 
pressed in terms of the depth ratio by 
using the relation between Mach num- 
ber and depth. 

By applying these correction fac- 
tors to the data taken in the water 
channel, the hydraulic analogy be- 
comes a very useful teaching aid. 
Quantitative results to a fair degree 
of accuracy, as well as qualitative re- 
sults, may be obtained. 
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CANDID COMMENTS 
REBUTTAL TO “THINK 


No doubt many of our students on 
their first contact with industry face 
the same conditions described by the 
author of the subject paper. Plant 
protection, noise, 8 to 5 routine, red 
tape and lack of the school vacation 
breaks do create a difference in the 
life of a teacher and an industrial 
worker. These factors are considered 
on the negative side of the ledger and 
perhaps along with income tax con- 
sideration are additional factors which 
create the chasm between the manner 
of living which exists as a consequence 
of employment in industry as com- 
pared to education. Let’s look at the 
positive side of both industrial and 
educational employment from the 
standpoint of a successful person. To 
this end we might define success or 
perhaps list the qualifications of a suc- 
cessful person. The following sugges- 
tions are offered: 

A successful person in engineering 
industry or education might be 


. dissatisfied (not unhappy ) 

2. enthusiastic (a promoter ) 

3. appreciative (enjoys and ex- 
pects help) 

. object of respect (has attained 
recognized accomplishment ) 

5. organization conscious (knows 
company or school structure ) 

. socially conscious (knows cus- 
tom ) 

. technically competent (experi- 
ence, education—covers state 
of art) 

ingenious 
9. personable 
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10. generous 
11. dependable 
12. practical. 


Other factors such as health, hon- 
esty, kindness, tolerance, etc. are pre- 
sumed. 

If we accept some such appraisal of 
a successful engineer or teacher it fol- 
lows that we also may grant that his 
work has acquired an importance 
which dwarfs most of the negative 
factors. Many of the negative factors 
are of our own creating. 

One condition which this writer 
cannot overemphasize in either of his 
15 year periods in industry and in 
teaching has to do with appreciation. 
Without the respect of his fellow 
workers and some expression of ap- 
preciation from management, which 
can take the form of very simple con- 
cessions, it is inevitable that the seeds 
of discontent can germinate.  Fre- 
quently complaints of working condi- 
tions and other trivial circumstances 
arise from a series of negative factors 
bred by misunderstanding and _ idle- 
ness. 

This writer feels that there can be 
about as many complaints directed at 
the teaching profession as at an in- 
dustrial position. These complaints 
could include the discomforting ef- 
fects of the equivalent of industry's 
plant protection, 8 to 5 routine, red 
tape and vacation schedule if one 
looks for these problems in the right 
places. 

It seems also that anyone who 
wishes to experiment should be will- 
ing to accept or select certain condi- 
tions under which the experiment is 
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to take place. No doubt “An ASEE 
Member” could either find an environ- 
ment lacking the objections which he 
has raised or he could develop inter- 
ests which make these objections in- 


It is a good thing that we have in- 
dividual likes and dislikes. This 
writer has crossed the imaginary abyss 
from industry to teaching many times 
and each time is more impressed with 


significant to him. value of the positive factors. 





NSF ANNOUNCES EXPERIMENTAL PROGRAM 
OF SUMMER CONFERENCES 
FOR COLLEGE TEACHERS 


The National Science Foundation has announced the award of 
grants totalling approximately $247,000 to nineteen colleges and 
universities for an experimental program of Summer Conferences 
for College Teachers. 

The new program of Summer Conferences for College Teachers 
is patterened after the established program of Summer Institutes for 
High School and College Teachers, 350 of which will be supported 
by the Foundation throughout the Nation in the summer of 1959. 
Some 550 college teachers will receive financial support from the con- 
ference in the form of stipends up to $15 per day plus an allowance 
for travel. Stipend holders will not have to pay any registration 
fees or tuition. The Conferences cover nine major subject-matter 
areas. 


Participants will be chosen by the conferences, NOT by the 


National Science Foundation. Inquiries and applications for par- 
ticipation should be addressed to directors of the individual con- 
ferences. Early inquiry is advised. Those conferences of possible 


interest to engineering teachers are listed below. 


Institution 


Towa 

Cornell College 

Mount Vernon, Iowa 
Maryland 

Maryland University of 
College Park, Maryland 
Michigan 

Detroit, University of 
Detroit, Michigan 


Michigan College of 
Mining & Tech. 

Houghton, Michigan 

Ohio 

Case Institute of Tech- 
nology 

Cleveland, Ohio 

Oklahoma 

Oklahoma, University of 

Norman, Oklahoma 


Director 


Dr. Cecil F. Dam 
Department of Physics 


Dr. Sitarama Lakshmanan 
Department of Chemistry 


Professor Paul M. Rein- 
hard, Chairman 

Department of Engineer- 
ing Graphics 

Dr. Kenneth M. McMillin 

Department of Mathe- 
matics 


Dr. James R. Hooper, Jr. 
Director of Special Pro- 
grams 


Dr. William Viavant 
Director of Scientific 
Computers 


Subject-Matter 
Courses 


Radioisotopes 
Radioisotopes and 
Tracer Methodology 


Engineering Graphics 


Analog Computation 


Process Control Theory 


Digital Computers 





TEACHING POSITIONS AVAILABLE 


ENGINEERING POSITION OPEN-— 
Ph.D. teaching on college level in English 
1959-60. Subjects: Engineering me- 
chanics, fluid mechanics, heat transfer, 
metallurgy. Salary $6,000—$7,000 plus 
travel. Apply to Dean, Al-Hikma Uni- 
versity of Baghdad, Box 260, Baghdad, 


Iraq. 


CIVIL, ELECTRICAL AND MECHAN- 
ical undergraduate engineering faculty 
assistance needed at ideal New England 
seacoast college located one hour from 
Boston. Send resume to Bradford Dur- 
fee, College of Technology, Fall River, 
Mass. 


OPPORTUNITY: SUPERVISOR FOR 
development and operation of mechan- 
ical laboratory. Also to teach Fluid Flow 
ind Heat Transfer. Opportunity for 
professional growth and_ contribution. 
Least required: M.S. degree and sup- 
porting experience. 12 months contracts 
with leave time each year. Contact H. 
B. Ratcliff, Head of Department of Me- 
chanical Engineering, Bradley University, 
Peoria, Illinois. 


LECTURER IN AERONAUTICAL EN- 
gineering, varied courses for military 
wiators, graduate and undergraduate en- 
gineering students. Minimum require- 
ment, B.S.A.E. and pilot experience. 
Prefer background in performance or 
propulsion. Industry experience desir- 
ible. Send resume to Dr. Louis Kaplan, 
Director, Aviation Safety Division, Univ. 
of So. Calif., Los Angeles 7. 


ENGINEERING DRAWING—ARCHI- 
tecture. Teaching positions in Engineer- 
ing Drawing open to qualified personnel. 
Must have a Masters Degree, 16 credit 
hours in the field of drawing, and be a 
U. S. citizen. Also, architect to teach 
various phases of freshman and sopho- 
more Architecture. Salary will be de- 
pendent upon previous teaching and 
practical experience. Apply: C. R. Mon- 
roe, Ass’t Dean in Charge, Wilson Branch, 
Chi igo City Junior College, Chicago 21, 


ASSISTANT OR ASSOCIATE PROFES 
sor for teaching and research in Mathe- 
matics and Mechanics. Also instructor 
to teach Mathematics and Mechanics; 
may work on advanced degree. Apply 
Department of Mathematics and Mechan 
ics, University of Cincinnati, Cincinnati 
21, Ohio. 


ELECTRICAL ENGINEERING PRO- 
fessor wanted for two year assignment at 
University of Indonesia in Java. Special 
ist in either machinery or communications 
will be considered. Ph.D. or Master de- 
gree with teaching experience. Salary 
and rank open. Complete biographical 
data including a small photograph to Co 
ordinator of ICA Programs, University of 
Kentucky, Lexington, Kentucky. 


POSITION AVAILABLE FOR TEACH- 
ing undergraduate and graduate courses 
in fluid mechanics, heat transfer, and 
directing thesis research. Only appli- 
cants with Ph.D. degree considered. Sal- 
ary compatible with qualifications. Write 
to Head, Mechanical Engineering De- 
partment, University of Kentucky, Lex 
ington, Kentucky. 


POSITIONS AVAILABLE FOR QUAL- 
ified physicist with Ph.D. and some 
teaching experience. For further de- 
tails, write to the Department of Engi- 
neering Physics, University of Louisville, 
Louisville, Kentucky. 


ELECTRICAL ENGINEERING DE- 
partment, Milwaukee School of Engineer- 
ing, Milwaukee, Wis., has teaching posi 
tion open with early promotion oppor 
tunities for experienced instructor in elec 
trical Ph.D. degree 
Please forward complete details of edu 
cation, practical experience, and personal 
background, to the Associate Dean of 
Engineering. 


power. desired. 


ELECTRICAL ENGINEERING. ACA 
demic rank and salary open. Opportu 
nity to join and contribute to the devel- 
opment of a recently formed, growing 
department. Write R. A. Herring, Jr., 
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Head, Electrical Engineering Depart- 
ment, University of Mississippi, Univer- 
sity, Mississippi. 


TEACHING VACANCY, SEPTEMBER 
1959: Young electrical engineer with at 
least Master’s degree; appropriate salary 
and rank. Write Dean, Norwich Uni- 
versity, Northfield, Vermont. 


MECHANICAL ENGINEER—HEAT 
Transfer. Rank and salary appropriate to 
qualifications. Excellent housing. Grow- 
ing established school. Write Dean L. 
E. Perry, Norwich University, Northfield, 
Vermont. 


ASSISTANT OR ASSOCIATE PROFES- 
sor. Will be responsible for courses in 
the aeronautics option including aerody- 
namics and airplane performance. Start- 
ing fall term 1959. Industrial experience 
and master’s degree preferred. Depart- 
ment of Mechanical Engineering, Oregon 
State College, Corvallis, Oregon. 


CIVIL ENGINEERING STAFF POSI- 
tions in Sanitary Engineering and in Con- 
crete and Building Materials. M.Sc. de- 
gree required and experience preferred. 
The positions will require teaching at un- 
dergraduate and postgraduate levels and 
supervision of laboratory work. Salary 
and rank will be determined by aca- 
demic standing and experience. Apply 
to Civil Engineering Department, Uni- 
versity of Saskatchewan, Saskatoon, Sask. 


UNIVERSITY OF SASKATCHEWAN, 
Saskatoon, Canada, invited applications 
for posts as Assistant or Associate Profes- 
sor of Mechanical Engineering (minimum 
salary $6,100 per year) and Instructor 


of Mechanical Engineering (minimum 
salary $4,800 per year). One professor. 
ship is to be filled by a Mechanical o, 
Metallurgical Engineer with an advanced 
degree to teach properties of metals and 
metallography and to direct research j) 
this area. Another Professorship is to by 
filled by a Mechanical Engineer with a 
advanced degree and having experienc 
in one of the following fields: (a) thermal 
power generation, (b) manufacture and 
production of steam or gas turbines, (¢ 
atomic power generation, or (d) indus- 
trial management. He would be ex. 
pected to teach undergraduate thermo- 
dynamics and to teach a graduate class 
and direct research in his specialty. Two 
positions as instructors are open, requir- 
ing Mechanical Engineering graduates 
with advanced degrees. Applications 
with full particulars, should be sent t 
Head, Dept. of Mechanical Engineering 
University of Saskatchewan, Saskatoon 
Sask., Canada. 


MACHINE DESIGN: ASSISTANT OR 
Associate Professor in Mechanical Engi- 
neering. Newly established department 
offers opportunity to develop a machin¢ 
design program. M.S. with some experi- 
ence preferred. Salary competitive or 
9 months basis. Write Department ot 
Mechanical Engineering, Utah State Uni- 
versity, Logan, Utah. 


ELECTRICAL ENGINEERING OPE. 
ings for September 1959. Modern cur 
riculum, expanding department. Reason- 
able teaching load. Rank and salary de- 
pendent upon training and experience 
Please write to John B. Clothier, Jr., Act 
ing Head of Electrical Engineering D: 
partment, Villanova University, Villanoy 


Pa. 





NEW MEMBERS OF ASEE 


AHRENHOLZ, H. WriLiaM, Professor of 
Mining Engineering, School of Mines, 
University of Alabama, University, 
Ala. William K. Rey, James R. Cud- 
worth. Min. Tech. 

ALMON, JoHN P., Assistant Professor, 
Mechanical Department, Milwaukee 
School of Engineering, Milwaukee, 


As of January 15, 1959 


Wis. Daniel Brandt, Joseph L. D 
verse. M. E.; Mech. & Mat. 


Ayous, Henry C., Assistant Instructor | 
Electrical Engineering, Newark Col- 
lege of Engineering, Newark, N. | 
J. J. Padalino, Adel Mohsen. EF. FE 
Math. 





NEW MEMBERS OF ASEE 


BeseL, MicHaeu N., Assistant Professor 
Engineering Drawing and Descrip- 
tive Geometry, University of Wiscon- 
sin, Milwaukee, Wis. Marilyn J. 
Wolff, W. M. Christman, Jr. Engr. 
Graphics. 

BezANSON, WARREN B., Technical Report 
Editor, Research Department, United 
Aircraft Corporation, East Hartford, 
Conn. Frank R. Smith, John B. 
Hawkes. Admr. Indus.; Engl. 

BisHop, CHESTER O., Instructor in Me- 
chanical Engineering, California State 
Polytechnic College, San Luis Obispo, 
Calif. R. Wallace Reynolds, Harry K. 
Wolf. M. E. 

30cK, BroTHER A. GERARD, Instructor 
in Chemical Engineering, Manhattan 
College, Riverdale 71, N. Y. Brother 
Joseph McCabe, Brother Conrad Bur- 
ris. Chem. E. 

Botstap, Mito M., Chairman of Me- 
chanical Engineering Department, Uni- 
versity of Missouri, Columbia, Mo. 
Marc de Chazal, Carl Sneed. M. E. 

BowMAN, CLarr F., Associate Professor 
of Electrical Engineering, University 
of Idaho, Moscow, Idaho. Hubert E. 


Hattrup, Chester A. Moore. E. E. 
BowMAN, OLIVE SmMitTH, Instructor in 


College, 
Johnson, 


Mathematics, Bridgewater 
Bridgewater, Va. L. O. 
Irwin Wladaver. Math. 

Capps, JAMES H., Manager, Engineering 
Recruiting, Great Lakes Region, Gen- 
eral Electric Company, Fort Wayne, 
Ind. W. S. Hill, D. E. Irwin. Admr. 
Indus.; E. E. 

Cernica, JOHN N., Head of Civil Engi- 
neering Department, Youngstown Uni- 
versity, Youngstown, Ohio. Thomas 
E. Stelson, Thomas D. Y. Fok. C. E. 

CrEEDLE, GEorGE R., Assistant Professor 
of Mechanical Engineering, University 
of Texas, Austin 12, Tex. R. A. 
Bacon, V. L. Doughtie. M. E.; I. E. 

Durriz, Joun A., Associate Professor, 
Engineering Experiment Station, Uni- 
versity of Wisconsin, Madison 6, Wis. 
R. A. Ragatz, C. C. Watson. Chem. 
E.; G. E. 

FreinsTeEIN, GeorcE, Instructor in Civil 
Engineering, The Cooper Union School 
of Engineering, New York, N. Y. Mil- 
ton Alpern, A. Armenakas. C. E.; 
Mech. & Mat. 


Fines, CLirForD A., Assistant Protessor 
of Mechanical Engineering, University 
of Alabama, University, Ala. J. R. 
Cudworth, R. M. Hollub. M.E.;G. E. 

Gitroy, Tuomas P., Jr., Instructor in 
Personnel Relations, Newark College 
of Engineering, Newark, N. J. Robert 
Kiehl, Clarence H. Stephans. Human.- 
Soc.; Personnel & Indust. Relations. 

GoLpBerG, JosepH H., Research Asso- 
ciate, Aeronautical Engineering De- 
partment, Princeton University, Prince- 
ton, N. J. Alfred E. Sorenson, Henry 
M. Chandler. Aero. E. 

GREENE, THOMas J., Lecturer in Mechan 
ical Engineering, University of Texas, 
Austin, Texas. John A. Focht, Werner 
W. Dornberger. M. E.; Marine E. 

Hescu, Earv R., Instructor in Mechanical 
Engineering, California State Polytech- 
nic College, San Luis Obispo, Calif. 
R. Wallace Reynolds, Harry K. Wolf. 
Engr. Graphics; M. E. 

HoERNER, GEORGE M., JR., Assistant Pro- 
fessor of Chemical Engineering, La- 
fayette College, Easton, Pa. Z. D. 
Jastrzebski, E. S. Schmitt, Jr. Chem. 
E. 

HuFFMAN, BERNARD A., Assistant Pro- 
fessor of Drawing, University of Vir- 
ginia, Charlottesville, Va. Lawrence 
R. Quarles, Melvin W. Ayer. Engr. 
Graphics. 

JeELINsKE, WiLL1AM D., Director of Ad- 
missions, Milwaukee School of Engi 
neering, Milwaukee, Wis. Marvin H. 
Huiras, Daniel Brandt. Admr. Educ. 

Jenkins, KENNETH W., Instructor in 
Electronic Engineering, Indiana Tech 
nical College, Fort Wayne, Ind 
Robert C. Ruhl, Ralph S. Carson. E. 
E.; Math. 

Jennincs, Roy T., Professor of Civil En- 
gineering, New Mexico College of 
A. & M.A., State College, N. M. Jesse 
P. Morgan, F. Bromilow. C. E. 

JouHnson, JEROME H., Professor of Engi- 
neering, Redlands University, Red- 
lands, Calif. Edward B. Heath, Henry 
A. James. E. E. 

Jones, James A., Instructor in Mechan- 
ical Engineering, Missouri School of 
Mines, Rolla, Mo. Gordon L. Scofield, 
Ralph E. Schowalter. M. E. 

Kopp, EuGeNne H., Assistant Professor 
of Engineering, Los Angeles State Col- 
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lege, Los Angeles, Calif. Harold 
Storch, Arnold Reisman. E. E.; Math. 

Lucas, J. RicHarp, Assistant Professor of 
Mining Engineering, The Ohio State 
University, Columbus, Ohio. Ralston 
Russell, Jr., Mars G. Fontana. Min. 
Tech.; Geo. E. 

Mars, CiarKE C., Instructor in Product 
Engineering, General Motors Institute, 
Flint, Mich. Earl D. Black, Donald R. 
Jenkins. Engr. Graphics; G. E. 

Messick, GERALD R., Instructor in Phys- 
ics, Ohio Northern University, Ada, 
Ohio. A. A. Benedict, Ernests Abele. 
Physics. 

Morcan, LyMan W., Associate Profes- 
sor of Petroleum Refining, Colorado 
School of Mines, Golden, Colo. Glenn 
K. Armstrong, G. W. LeMaire. Chem. 
EE Ed. 

NecE, Ronatp E., Assistant Professor of 
Civil and Sanitary Engineering, Mas- 
sachusetts Institute of Technology, 
Cambridge, Mass. Arthur T. Ippen, 
Carlton E. Tucker. C. E. 

Price, D. Joun, Assistant Professor of 
Mechanical Engineering, California 
State Polytechnic College, San Luis 
Obispo, Calif. R. Wallace Reynolds, 
Harry K. Wolf. M. E. 

Re, Joun J., Assistant Professor, Texas 
Technological College, | Lubbock, 
Texas. J. H. Murdough, Keith Mar- 
mion. C. E.; Mech. & Mat. 

RINEHART, JOHN S., Professor of Mining 
Engineering, Director of Mining Re- 
search Laboratory, Colorado School of 
Mines, Golden, Colo. Hilbert E. 
Fletcher, Scott, J. Marshall. Admr. 
Educ.; Min. E. 

RoIsEN, MAYNARD W., Instructor in The- 
oretical and Applied Mechanics, Iowa 
State College, Ames, Iowa. E. H. 
Ohlsen, Glenn Murphy. Mech. & 
Mat.; E. E. 

Rusu, RicHarp M., Associate Professor 
of Physics, Northeastern University, 
Boston, Mass. W. T. Alexander, Wil- 
liam Wallace. Physics. 

RYLANDER, ELMER W., Chemist, Labora- 
tory Director’s Office, Argonne Na- 
tional Laboratory, Lemont, Ill. Frank 
E. Myers, H. Russell Beatty. Admr. 
Educ.; Tech. Inst. 

SCHIRGER, JosePH F., Special Lecturer, 
Management Engineering, Newark 
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College of Engineering, Newark, N. J. 
Oliver J. Sizelove, David C. Pearce. 
Engr. Econ.; Human.-Soc. 

SCHROEDER, Davip W., Associate Profes. 
sor of Chemical Engineering, Seattle 
University Seattle, Wash. Attilio J. 
Giarola, Edward W. Kimbark. Chem. 
E.; Chem. 

Sepsy, CHarLeEs F., Instructor in Me- 
chanical Engineering, The Ohio State 
University, Columbus, Ohio. Aubrey 
I. Brown, Charles D. Jones. M. E, 

SmitTH, Bert L., Instructor in Mechan- 
ics, Missouri School of Mines, Rolla. 
Mo. R. F. Davidson, R. A. Schaefer, 
M. E. 

Sranisic, Mirtomi M., Associate Pro- 
fessor of Engineering Science, Purdue 
University, Lafayette, Ind. J. Clifton 
Samuels, E. A. Trabant. Math.; Mech. 

STAPLETON, WILLIAM C., JR., Associate 
Professor of Electrical Engineering, 
University of Alabama, University, 
Ala. W. B. Stiles, R. M. Hollub. 
E. E. 

TRILLING, LEON, Associate Professor of 
Aeronautical Engineering, Massachu- 
setts Institute of Technology, Cam- 
bridge, Mass. W. T. Alexander, F. C. 
Lindvall. Aero. Engr.; Math.; Physics. 

TuLcuin, Henry, Special Lecturer in 
Electrical Engineering, Newark Col- 
lege of Engineering, Newark, N. J. 
L. J. Schmerzler, David C. Pearce. 
E. E.; Physics. 

Waker, A. J., Professor and Head of 
English Department, Georgia Institute 
of Technology, Atlanta 13, Ga. J. W. 
Mason, C. W. Gorton. Engl.; Hu- 
man.-Soc. 

WaLworTH, WILLIAM R., Instructor in 
Science and Mathematics, Flint Com- 
munity Junior College, Flint, Mich. 
Donald R. Jenkins, Clifton Matz. 
Mech. & Mat.; C. E. 

Wiison, DonaLp M., Publishing Repre- 
sentative, John Wiley and Sons, Inc., 
San Francisco, Calif. R. Wallace 
Reynolds, Harry K. Wolf. Admr. 
Indus. 


50 new members this list 
400 members previously added this fisca 
year 


450 new members this fiscal year 








